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THE QUANTITATIVE PHASES OF HUMAN 
GEOGRAPHY 


By Professor ELLSWORTH 
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GEOGRAPHY, like biology and the other 
that deal 
ssing from the stage of mere qualita- 


nces with organic life, is 
description to that of quantitative 
The old 


a few conspicuous examples of cer- 


method was to pick 


alysis. 
tain apparent relationships, and base 
‘oad conclusions on them. The 
to take all the examples of 


new 
method is 
these same apparent relationships, or at 
least all within a 
area, and study them statistically. 
cording to the old 
familiar example, 
that in certain regions the legs of moun- 
taineers are unusually well developed, 
whereas among people who frequently 


diverse 
Ac- 


method, to use a 


reasonably 


travelers observed 


use boats the arms are often large and 
the legs small. Such a contrast is to be 
expected, for in walking up or down hill 
the mountaineers exert the muscles of the 
egs strenuously even though the arms 
are idle, while the man who paddles a 
eanoe may use his arms for hours and 
his legs only a few minutes. Since this 
type of contrast between the develop- 
ent of the legs and arms is found in 
number of regions, geographers have 
naturally framed the generalization that 
uuntains breed men with strong legs, 
hile indented seacoasts where naviga- 
n is easy breed men with strong arms. 
Such erudely framed principles are 
natural and highly desirable product 


HUNTINGTON 


of ane 


a science. somet 


and more firmly ¢ 


ence adopts mor 


Sometimes they 


pre ve 


false. 


Most frequentls 
part, or with modifications 
of the mountaineers no one, 


am aware, has quantitatively 


their muscular development 


ceeding generalization is undoul 


true of some mountaineers, but does 


? And 


mountains 


apply to mountaineers as a whole 
if the 
have unusually well-developed 
this 
exereise ? Do the 


people who live in 
legs IS 
due to inheritance or simply to 
mountains favor the 
preservation of people whose inherited 
physique makes them good walkers and 
elimbers? Do the difficulties of the 
life high death 


or a tendency migration 


mountain rate 


cause a 
toward among 
people whose physiques fall much below 
the average in that respect do so 
and the 


ideals as to physical beauty, or as to 


cial conventions prevailing 


achievement, cause the men or girls who 
are good walkers to be preferred as hus 
And finally, 


questions, do we né 


bands or WiVes even 11 


we answer all these t 
find an equally marked development of 
the legs among other people whose phys 
ical environment, occupation, or form of 


social organization obliges them to walk 


oR0 
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listances Such conditions migh 
arise because people live on poor soil 
where the population is sparse and 
where the arable are: ire small and 


widely separated, vy might = arise 


among people who depend upon hunt 
ing for a livelihood, or where the young 
men and boys receive military or athletic 
training for many vears 

The paucity of our knowledge in mat 
ters of this sort is appalling. It has 


been excusable in the past, but it will 
steadily less excusable as time goes on 


Much of our ignorance is due to lack of 


reliable statisties In the case of the 
mountaineers not only do no statistics 
now exist from which to answer the 
questions propounded above, but they 
are not likely to exist for generations 
On the other hand, one of the chief rea- 
sons why there are no such statisties is 
that there has never been any demand 
for them. Geography has been an in- 
exact qualitative science instead of an 
exact quantitative science. When the 
demand for good statistics becomes 
strong enough, they will doubtless be 
forthcoming. In fact our statistical 
material is already far in advance of 
our use of it. In certain phases of 
geography such as elimatology and the 
related science of meteorology, exact 
statistics are indeed used on an enor- 
mous scale, but only within a decade or 
two has there been much attempt to use 
statistical methods for an exact study of 
the effect of climate upon man. In 
agriculture and commerce exact statis- 
tics are likewise beginning to be used 
as the basis for understanding the rela- 
tion between physical environment and 
human qualities and activities. Never- 
theless, they are generally used in a 
somewhat crude and amateurish manner 
even by those who have gone farthest in 
this respect. As a recognized tool for 
the elucidation of the main problems of 
human geography not only are statis- 
tical methods still a novelty, but they 
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appear 10 he practically ? 


Vv recognized as one of 


many geographers Vidal L 
el 


is wid 
est recent leaders in Fren 
Yet his book on the ‘‘ Prinei; 
man Geography’ contai 
aside [rom a tew rat 
to population, while 
ruiltless of the least 
generalizations which 
greatest freedom ought 
to rigid mathematical examinat 
Other geographers, not only 
but almost everywhere, likewlsi 
see the need of quantitative 
Isopleth maps, for example, ar 
the most effective tools in the wo 
ical kit. Yet when isopleths 
tioned, many 200d geographe rs 
stop and say to themselves: ‘*‘ Iso 
Oh ves, they are those lines of e 
tensity drawn on maps and 
through all points where a give 
tion has the same numerical v: 
course I am familiar with them 
them all the time. Isopleth is me: 
general term which includes 
specific terms, such as isobar, 
isohvet, contour line and the 
isopleths whenever I study the 
tion of barometrie pressure, 
ture, rainfall,- storms, the relie! 
land or the density of populat 
should never think ot doing otherw 
That is just the point Ever 
rapher regards isopleth maps as 
pensable tools in the study or ¢ 
weather and the inequalities o 
earth’s surface. Yet not one it 
recognizes that this same tool is ex 
as effective in practically every p! 
human geography, provided mode} 
good statisties are available. As | 
there lie before me three excellent 1 
works on economic geography and 
on human geography. All are des 


for students of college orade Yet 


five together contain only five iso 
maps pertaining to human geog! 


W 
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ese show density of population, 
s the number of cows tha ‘an 
red per acre of land, and 
» are reproductions of my own 
imatie energy and civilization, 4 illustration o 
ber ot isopleth maps pertaining quantitative st 1d) 
te, on the contrary. is no | ol isopleth maps eth 
rtv-one, while there a nr esting relationships w 
relief. wise remain buried 


+ ft) 


yh expt rienee is one reason whi a least clarifies ré 
already known, but 


derstood \ vis 


san example of the use of a sta : “= 
way 


with enthusiasm about isopleth 


tool adapted to the selence of 


\ Their use has ope ned a new Figures | 


selected from a 


TK nishing field ot easily aceessible 
I) can Casils 


s yet unexplored knowledge | 
; ;, , ata, provided thi 
Principles of Human Geography a ” a 
. ed in 1920. I used seven isopleth rouble to reduce 
1 . . . l S ( he | | 
climate, five ot density ol popu ure to Un orm ¢ 
. tance ot using rat 
and only three of other human os boa —, ' 
ah . . quantities can searceel 
ms. Two vears later, having dis- ‘* ; ao 
. . IZe (ot eo the qu 
the value of this tool, | put s -~ ; Courm 
4] . first thing to be ascertained, for they 
hree isopleth maps of human tage ; 
. - : . the indispensable foundation. but wher 
tions aside from density ol popula . 2 
a ; comparisons are to be made it is 
nto a book ealled ‘* Business Geog : 
: ee ally desirable TO reduce aqua 
while the number of isopleth 74 : 
: : , ratios. For example, if one woul 
t climate remained practically the , 
. " : understand the relation of manuf 
is in the previous book. Four years 


in 1926, I found that isopleth maps 
helping me so much that I put fifty 


ing to the life of one region compa 
with another, one must know not on 


: er : that each region produc Ss so manv m 
of them into the second edition of . , , 
lion dollars worth or voods per 


] 


siness Geography.’’ Other geogra- :, 
S Wougrapa, mer EG One must also know the valu 


s are having similar experiences 


; goods per canta, for example 
this highly valuable tool. ‘1 . ts 
. square mile, per native white 


] 


irse isopleth maps are only one per factory worker, per mil 


iny devices by which the geograph- and in proportion to many « 


significance of statisties may be Qpe must calculate rati 
out. They are emphasized here othe r sorts such as t] ( perecntavce 
because of my own experience, iron goods. child workers. large factories 


1 


piece workers and th ike Only thu 
zed value in studies of climate, re- ean one region be adequately compared 


d density of population makes with another. for the mind ean er: 


inly beeause their universally 


so familiar that their usefulness patios far more easily than absolut. 

s almost self-apparent as soon as yres. Moreover. it is indispensable 
nted out. The use of so effective the percentages or other ratios be plae 
long with others which can not non maps, for only the most unusu 
discussed, is bound to spread minds can otherwise visualize the g 
with the new realization that graphie relationships 
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imm now to Alabama, the prob 
e solved in the present illustra 
be stated thus: 
elt is famous because of its dark 


The so-called 


which is highly fertile and is 
The old 
ve methods of geography have 
that the 
elt is agriculturally and in some 
Ala- 
nd is the place where the propor 


\ favorable for eotton. 


familiar with the facet 
spects the richest part of 


colored people is largest. Be 
this the geographer rarely goes 
unless quantitative methods of 
sis are applied, as in the maps now 
The first of 
A, shows the physical regions of 
Dr. R. M 

The Black Belt and an almost 
fertile area adjacent to it have 


r discussion these 


1 as worked out by 


ft white on the map in order to 
Th 


those shaded on the 


hem conspicuous. other re- 
map 


smissed with the statement that in 


may 
soil and relief they are in most 
distinetly less favorable than the 
elt. hows ver, 
ly the Valley in the 


vest and the areas immediately ad 


LONS, 


Certain sect 


lennesse e 


t To the Black Belt. Posse SS Sore of 
vorable qualities of that belt, al 

eh not to so high a degree. 

») 


map in Figures 1 and 2 repre- 


's the numerical values of one par 
r condition of human geography. 
shading generally indieates a low 

ee of the quality in question and 
shading a high degree; but the 

THE FIGURES INDICAT! 

Y IS EITHER 


OMERY 


SMALL TO 


ABSENT OR TOC 
MOBILE IS 


AND INDICATED ON 


THE LARGER 


ADAPTED FROM R. M. 
D. WHITE 


1909. 


SICAL REGIONS, 
ENTAGE OF NEGROES, 1910. 

OF TOTAL 
) FARMERS, 1909. 


AREA IN COTTON, 


HARPER. 


words 


synonymous 


high 


and 


i 


o] 
Wilh 


rou 


low 


conditions illustrated 


equally well be 


historian or 


leature 


are 


; + 


, 
that 


oO! the pl 


applying the 


] 


S 


_ 


lribution ot the 


t} 


and 


4] 
rie 


A 


maps leads at 


tion 


the Bl 


stand ou 


il 


} 
SOCIOLOYIS 


+ 


‘esent 


are trying 


4 


studi d by 


reorT: 


u 


} 
Nn 


eondit 


( relation oO! 


physical environme) 


easual examinatio 


In every 1 


1 a a 
aCn Be iT 


t more 


different from 


north and 


SOL 


. ’ 
Belt IS charac 


ing, 


some 


where 


ity. 


Times by 


one 


4 
0 


ha 


if DOSSESSECS 


f the 


n geograpnica 


tles, 


W 


} 
overia] 


Be It would be 


most 


] 


which the 


hieh 


more 


) the or ographiea 


or our maps 


; 


census 


un 


{ 


+} 


; 
{ 


an 


individuality 


? 


} 


much mort 


et us briefly catalogur 


t] 


is brought out by our quantitati 
Map RB shows t he 


sis. 


farmers 


elanece that 


per 


in the 


square 


TY) 


>? 
rli 


very few such farmers 


square 


pe wrest 


mile, 
and 


soil 


there are as many 


] 
( 


whereas 


as 


as 


; 


_ 


? 


in 


condition is partly duc 


AL COUNTIES 


G. BALES OF COTTON PER ACRE 
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PRACTICALLY 
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DED. THE Pos 


EVERY MAP. 


TOWNS, 
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FARMERS PER Il 


F. PERCENTAGE OF IMPROVI 


RAISED BY WHI 


DICATE COUNTIES WHERE COLORED FARMERS RAISE 
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OWNED FREE OF 
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red people in the Black Belt, but Blac selt, ther 
similar maps of other states where where, and ever 
| people are scarce suggest that conditions ot 
mtrast illustrates a geographical able Obviously 
ple of wide application The gen concentrated in 
ile seems to be that in farming bama The sam 
s where a mature stage of cultur in the South, as 
een reached and where the popula M. Harper, but 
is attained a state of equilibrium, entation, so fai 
est farm land tends to be held in fact so clear 
ownings, while the poorer land its summat 
s To be subdivided into small hold le m. both graphic: 
This generalization needs further Passing on to map 
verification, and there are quarter or eve) 
many apparent exceptions dui he Black Belt was 
operation of other principles. The 1909, while elsewher 
o be emphasized is merely that drops with more or 
quantitative methods are employed it almost reaches 


d only then—it is comparatively the map focusses at 


to determine the truth ot such i vrerous extent to 


eralization im any country where part of Alabama ha 


«l census data are availabl single erop (mong 


‘rom map © we learn that the per- tendeney is far grea 
ge of Negroes rises enormously in’ whites, as appears in map 
Black Belt, the minimum in an\ ‘ the colored peo 
inty there being close to 70 per cent. an unduly large percentag 
the maximum no less than 88. The tivated land into cotton 
in which the percentages gradually less than a third, in 1909 
le off to less than ten in the infertile ural because cotton is the money ero 
teau belt of the north and then ris the only one on which the improvident 
vard 40 per cent. in the fertile Tennes- Negro can borrow freely to support him 
Valley shows how effective the iso self while the crop 1s ripenings In the 
method may be. Map D illustrates Black Belt the Negroes actually devoted 
sentially the same thing, but in another two thirds of their improved 
It shows that while there are ton in 1909—twice as mucl 
rely more than twenty white farmers hay and other food for themsel 
er one hundred colored farmers in the their animals. No wonder the 


RATE OF INTEREST ON FARM MORTGA¢ : 
L. VALUE OF COLORED FARM BUILDINGS, 1910. M 
[ BUILDINGS, 1909. N. PERCENTAGI WHITE II 
1920. O. PERCENTAGE OF NEGRO ILLITERACY AMON( 


“HANGE IN COTTON AREA, 1909-1919, EXPRESSED AS PER‘ 
"ERCENTAGE OF GAIN OR LOSS IN POPULATION, 1910 

DATI ‘ASS) PER VOTE FOR WHIG CANDI 
ES 1, 2 AND 6 ARE TAKEN FROM ‘‘ BUSINESS GROGRAPHY,”’ 
K E. WILLIAMS, 2p EDITION, 1926, JouN WILEY 
‘* INTRODUCTION TO SocroLoGey,’’ By H. E. Bat 
THERS, D. C. HEATH AND Co., AND FIGURE 7 IS 


ELLSWORTH HUNTINGTON, 3p EDITION. YAI 
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ton crop of 1926 with its sensational 
drop in prices hit the Black Belt a ter- 
rific blow. A place where so great a pro- 
portion of the productive workers are 
subject to a sudden and universal dis- 
aster of that kind is most unstable eco- 
nomically. The economic instability is 


} 


like ly to | 


lead to social instability. 

The next two maps, G and H, bring 
out the fact that the colored farmers al 
most universally raise less cotton per 
acre than do the whites. This is not sur 
prising, but it is surprising to find that 
the best soil provides the lowest yield of 
cotton per acre among both colored and 
white farmers. The only explanation 
seems to be that where the soil is best the 
methods of cultivation are more careless 
than where the soil is poorer. In the 
Black Belt the actual work in the cotton 
fields is practically all done by colored 
people, even on farms run by white men; 
hence the poor quality of the work of the 
Negroes in the Black Belt is the probable 
eause of the low vield of cotton. This 
suggests that for some reason the colored 
people in the Black Belt are less indus- 
trious, less intelligent, or in other ways 
less effective than elsewhere. 

Look next at the ownership of homes 
How many colored people actually own 
their homes free from mortgages? 
than five per cent. in the Black Belt; 
over half in the regions surrounding 
Birmingham and Mobile. Does this point 
to economie and social inferiority among 


Less 


the Negroes who cultivate the soil as 
compared with the Negroes who engage 
in the kinds of work that offer themselves 
near large cities? Is it due to the op- 
pression of the white man who owns the 
soil ? 

Thus far our maps seem to suggest 
that the good soil of the Black Belt is a 


handicap quite as much as a help. Map 


J, however, shows an advantage. The 
land owners of the Black Belt pay lower 
rates on their mortgages than do those 
of the rest of the state. Everywhere the 


rates are high according to 1 
ideas, the lowest county averag 
6.5 per cent. in Montgomery | 
but that is low compared W 
per cent. in some of tl] 
counties. Here, as in so 
cases, Our Map suggests a 
eeneralization which might we 
vestigated further. The gener: 
is that environmental conditior 
cause land to be valuable for 
tural purposes tend to lower t 


] 


of interest on mortgages, wh 
able conditions raise the rates 
sounds like a reasonable deduct 
the facts. It is borne out by 
maps of other states, but nee 
further study before we can 
final conelusion. Such studies 
manifold ways in which the q 
the land influences the people 
on it are only a part of the 
of quantitative research which 
nay implores, the geographer to 
The next three maps, K, L a 
long together. The first shows 
white farmers have good hoi 
barns in the Black Belt and r 
poorer ones elsewhere. For 
least, the richness of the soil 
vantage. But look at Map L 
its contrast with K. Where th 
farmers have the best houses a1 
the Negroes have the worst ly 
words, the good soil is correlat« 
unusual prosperity for the whit 
ers and unusual poverty for the 
How great the contrast is may be 
from Map M. In the Black Bi 
farm buildings of the whites ar 
from five to eight times as much 
of the colored people; elsewher 
about twice as much. Is this 
a political, a racial, or a geog! 
fact? Doubtless it belongs to 
eategories, but its basis is geogr 
The contrast is rooted in the soil 
The contrasts between the Bla 
and the surrounding regions, on 
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and between the white people and 
lored people within the Black Belt, 
e other hand, are as pronounced in 
et to illiteracy as in respect to the 
of the farmhouses. Map N indi 
that the white people who live in 
Black Belt are better educated than 
» of any other part of Alabama. In 
h of the Black Belt less than two per 
of the white people over ten years 
ge are illiterate, whereas in many of 
the figures rise well 
half per 
This means a very pro 


ither counties 


e seven and a cent. and 
n above 10. 
need difference in 

look at Map ©. There the contrast 
Nowhere in the Black 


does the illiteracy of the 


social conditions 
» other way. 
colored 
ple fall much below 30 per cent., and 
On 


most counties it rises above 40. 


other hand, in considerable areas 

ere the soil and relief are least favor- 

ble, the illiteracy of the colored people 

per 

reat difference between a colored com- 
where 20 per cent. of the per- 


) 


s below 25 eent. There is a 


sons over 10 years of age are illiterate 
nd one where 40 per cent. are illiterate. 
astonishing thing, however, is not 
erely the contrast between the Black 
and the rest of Alabama, but the 
ntrast between the white people and 
eolored people in the Black Belt 
The whites are few in number; 
they own large farms; they are rich, 
prosperous and well educated. The col 
red people in the same area are very 
lumerous; they work small farms and 
ire tenants; they are poor; and they are 
highly illiterate. In a word, this set of 
maps suggests the broad and important 
generalization that land tends to 
ise the population to become sharply 
stratified. It divides the rural popula- 
tion into a highly favored aristocracy 
and an incompetent peasantry. 
Look now at the other three maps. 
The first of these, P, shows the percent- 


age of the total area of each county 


rood 


which was adde 
the cotton-raisin: 
1909 and 1919 
where the | 

is devoted 

cent ot 

trom cotton 
some otner 


ereat fluctuations 


during the war h 
hard 


where on 


On tl 


price 


an 


to raise more cott 


Closely connec 

the amount of cott 
population In pr 
the Black Belt ther: 
1910 and 1920. In 
rose as high as 20 
other hand, the rest 
only slight exception 
lation, the gain 
in some areas 


+] 
tne 


other cases, 
tion of the exact 
a foundation for 
sucn 


nomie studies 


in almost no other way 

The same is true in regard 
Turner has well s] 
American history 
Alabama we see in Map RK that | 
the Civil War the Black Belt 
stronghold of T 


as Professor F. .J 
in his studies of 


conservatism 

perous landowners stuck to 

Whig Party as long 

could. Their less prosperous neighbors 
to the north and far more 
to adopt the 
ciples of the old 
This seems to 


geographical 


as they poss bly 


south were 
radical prin 
Demoe 


ready more 
Jeffersonian 


lead to 


principle, 


racy. another 


great namely 
that an 
prosperity also tends to promote con 


least the 


+ 


environment which promotes 


servatism, at among leaders 





THE SCIENTIFIC MONTHLY 


a later date, to be sure, the Whig various broad principles here Sua: 


Party was wiped out completely in Henee it is especially important 


Alabama so that a map of the election cover that quantitative maps ot 
of 1860 would show no such contrast as states suggest similar relation 
that of Map R in Figure 2. But that Figure 3, for example, shows 
does not invalidate the principle that traordinary contrast between the 
where the land is rich the leaders tend of the Kentucky Mountains whic 
to be conservative in polities; it merely an average value of less than $2,000 
illustrates another similar principle. It of the Bluegrass region where thx 
shows that the great climatic contrast age value rises well above $10,00! 
between the North and the South pro even reaches $258,000 in the 
vides a background which in due time’ around Lexington. <A_ score ot 
produces conditions which may tempo- maps of Kentucky show a sin 
rarily obliterate some of the minor con trast between the two regions 
trasts due to differences in the soil. eulture, education, number of 
That is what generally happens. At’ in ‘‘Who’s Who,’’ and many ot! 
certain periods and at certain stages of spects. Where the maps differ fr 
the development of a country, the minor’ another, as they often do, the diff 
differences due to soil, relief, mineral commonly find their explanation in 
resources and the like become more and geographical factors such as 
more obvious. Then some great change tion of railroads, the presenc: 
occurs—perhaps a migration, a political erals, the situation of routes of 
upheaval, or a new invention. The old tion and the like. Maps of 
tendency toward adjustment to soil, re- show equally interesting cont: 
lie f, mineral resources, and the like re tween the social conditions of th: 
mains as strong as ever, but it isobseured ing population on the poor si 
by other factors such as racial capacity southern part of the state 
or patriotism which temporarily become farmers own their own land 
dominant. it with their own hands, and 
The facts in a single state are, of tremely rich soil of the e 


course, insufficient to substantiate the tenaney is inereasing at a rat 

















FIG. 3. THE VALUE OF FARMS IN KENTUGKY 
THE FIGURES REPRESENT COUNTY AVERAGES IN HUNDREDS OF DOLLARS ACCORDING TO 


CENSUS OF 1920. 
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alarming. Louisiana in 


illustrated the effect of 


well be 
differences 
only in soil, but in the relief of the 
that an feet 
ide all the difference between normal 
and the 
floods So it 
the 


statisties, the 


altitude of a few 


id. SO 


sperity loss ot every thing 


ough goes all over the 
rid In 
d detailed 
‘ome the 

ysical environment and the life 


general accurate 
the 


relationships 


more 
clearer 
between the 
of the 


= 
opie 


yt 


One of the most interest conditions 


eh demands geographical analysis is 
distribution of human intelligence 
No really 
the 
ness of a whole community has vet been 


One of the 


satisfactory method of mea 


suring intelligence or 


progressive 
vised. as well as on 

the least known, methods seems to be 
he aecuracy with which people’s ages 


reported in the census. This seems 
matter, but it actually pro 
delicate test The 


when asked the ages of the 


e a small 


ieS a care less 


very 
irent, ehil 


ren, does not to figure whether 


stop 
\gnes has passed her ninth birthday or 
Alee is 

father, or 
careful one 


it, and whethe 
ifteen. A 


mother—and 


rourteen ol 
careless even a 
sometimes a 
nay forget to mention the baby, pro 
ded there are several older children 
Such parents, when faced by the census 
recorder, often give their answers in a 
hurry, only perhaps to remember after 
vard that they 


Among more ignorant people, the exact 


have made mistakes 


age is often not known or is forgotten 


census-taker produces a 
The Smith family 
the 
knows all about them or at least his wife 
Why bother to go up there. But 
neither the nor his wife 
knows the ages of the Smith children, 
and they forget the baby. The net re 
sult is that census statistics of age prac- 
tically always show obvious inaccuracies. 


The eareless 
similar result. lives 


half a mile from main road; he 


oes 


census-taker 


After the children have passed the age of 


HUMAN 


GEOGRAPHY 


ner 

han odd 

strong preterenc 
A tendene) 

vounger chil 

ages wrong 

iwnorant or 


Those 


mental 


Th S Ila’ 


wl Ose 
reason dull 


¢ 


a carerul eXan 


treme the 
‘ 


+ 


ive Whites ot nat 


sota, one ol The 


‘representing the 


countries, except 
CIrTrcumstances, 

ine, epidemics 
number of chil 
is less than 

those under 
they begin 
same way the number 
is less than of 
Therefore, 


eonditi n 


TWwo-Veé 
unless son 
tional 
f Figure 4 oug 
smoothly from 
minor irregularit 
curves for native 
entage (A, B and ¢ 

less, they show a little irregular 
cially in 1910. Even in Minnes 
is a tendency to report 

the 


and 


dren of even 


aves 


twelve sixteen 


the girls do not w 


old. SO TOO many 0 


‘ . ‘ ; ' 
ages as INSteé 


twenty 


the bovs want to be men, and too 


themselves as twenty a1 


report 


many as twenty-one. The corres] 


ing curves for native whites of foreign 


or mixed parentage in Massachusetts 
D and E 


and even for native whites 
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Mnnnesota Native Whites 
of Natwe Parentage 








Itnors Natiwe Whites of Nate Parentage 
Maes 
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NUMBER OF PERSONS 
IN THE CE 


of native parentage in Massachusetts 
(F) and Illinois (G and H) are not so 
smooth as those of Minnesota. Notice 
the frequency of little peaks, or at least 
of upward bends at the ages of eight, 
ten, twelve, fourteen, sixteen, eighteen 
and twenty-one. Note also that all 
three of these curves show fewer chil- 
dren aged less than one vear than be- 
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Nate Whites of Forengn Parentage 

















REPRESENTED AT VARIOUS 


NSUS OF 


1920 


8 


FOR © MASSACHUSETTS 


FOR MISSISSIPP* 


SCALE 


AGES 


tween one and two years of age. O 


sionally such a condition 


may rt 


prevail, but very rarely, for only a la 
and sudden drop in the birth-rate suff 
to balance the deaths which take p 
during the first year. 
Among the native whites of Mis 
sippi, as of all the southern states 


greater 


or less degree. 


the 


tend 
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ard imaccuracy in returns is 


atly 


age 


exaggerated. Curves I and J 
play an enormous excess at the ages 
ten and twelve, and a great deficiency 
mg the young men at nineteen and 
nty, which is made up at twenty-one. 
under ten 
forgotten, 
it is there 


re children aged one to six than eight 


large number of children 
rs of age are apparently 
quite certain that are 
twelve. 

Still greater irregularities appear in 


K, L and M 
th Carolina, the 


for the negroes of 
of the 
concerned 


veg 
States 
far as Part 
the falling off of curves K and L on 
left be 
grated to the north during the 
var, so that the birth-rate actually fell, 
t this does not explain the extremely 
gh position at ages 10 and 12 com 
ired with 9, 11 and 13. Nor does it 
xplain why the 1910 curve (M 
e same features as the curves for 1920 
K and L) ineluding the apparent defi- 
of children. The fact 
seems to be that the colored people guess 


worsl 
negroes are 


may because many negroes 


world 


shows 


‘ieney young 
the ages of their children and forget 
many of their babies. Their 
‘urves as a whole present a graphic pic 


all about 


of lack of intelligence. 

The delicacy of this test of intelligence 
s evident from the fact that in 
tically all states the ages of boys are 
accurately than of 
girls; the native whites of native par- 
entage recorded 


ture 
prac- 


riven more those 


are more accurately 
than are the native whites of foreign or 
mixed parentage; and these in turn are 
invariably more accurate than 
the returns for Obviously 
such a test of intelligence has a wide 
application be used 
wherever available. 


It does 


almost 


negroes. 


because it can 
returns are 
depend upon man-made 
laws, or upon whether people live in 
towns or far in the country. 
People who are intelligent and careful, 
no matter how remote they may be, re- 


census 
not 


away 
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port the and 


ages 
dren correctly, as 
Dakota, for 


intelligent, 


example 
they report 
though 


+ , 1+ 
centers ort cuiture 


even they 
Thus far in this 
consider 
Now le T 


geographi 


hav e been 
nomena. 
the 


soel logical ~ 


irom 
Our 
the inaccuracy of 
tairly good measure 
and mental activity 
Let 


ber for each sta 


ot people 


and then see Ww 


Such an index numb 


structed from curv: 


ure 4 
trend 


by 


measuring 
upward and set 


they bear to the portit 


In a commu! 


downward 


birth-rate is reasonably 


the number and ages of the 
correctly reported, thi 
smoothly downward from left 
in much the same way 

native 


1920. S 


native whites of 


Minnesota in 


no upward trending portions so that 


index number is zero. Computing 


this general way by a method which need 


not be explained in detai!, we obtair 
of 


30 


index numbers ranging fron 
Zero means almost 
the 


and 


series 
ZeTO to complete 
returns 
of the chil 


degre: OT inac 


accuracy in census 
both 


dren: 


as 
the age number 


30 


+ 


means tie 


curacy represented the 


native whites of ni: 
Mississippi. 
This method 


shown 


draw 
The 
of 
parentage so that questions of race an 


enables to 


us 


map in Figure 5 


based only on native whites 


immigration relatively smal 
part. 


furnish the census returns doubtless de 


play a 


parentage in 


TO 


curves lor 


i 


native 


I 


The accuracy with which people 
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ACCURACY OF CENSUS RETURNS AS TO AGE AMONG NATIVE WHITE: 
OF NATIVE PARENTAGE, 1920 


pends partly upon education. Hence because a large percentage of the n 
the index numbers of Figure 5 are in- intelligent people have moved away 
fluenced by the educational systems not settled in the northwestern states. S« 
only of the states in question but of the of the area of high accuracy there is 
states from which settlers have come. general decline, the worst area being t! 
This, however, has practically no effect southern states,, especially Mississi| 
in blurring the differences among the Another noticeable feature is a bay 
southern states. Even in the north poor conditions extending into the 
where there has been much migration, parts of the country and reaching 


people’s answers to the census questions culmination in Nevada with an ind 
187. Possibly the low position 


probably depend a good deal more on of 
their native intellect and temperament Nevada, like that of Maine, may be d 
than upon the educational system in’ to migration. In Nevada the pop 
other states. Moreover, education itself tion has declined because of the di 

depends largely on the native intellect of the mining industry. Perhaps 

and temperament of the people in any’ more intelligent people have tended 
given region. Hence it appears that move away in large proportions lea, 
while Figure 5 does not show whether a relatively unintelligent residue, es 
inheritance, training or environment is cially in decaying mining towns | 
dominant, it does show the real distribu- Virginia City. That something of 
tion of intelligence and accuracy. kind is the case is suggested by the « 


Tt) 


Turning now to the map we see in the posite conditions not only in regions | 
north an area of high accuracy extend- Minnesota, the Dakotas and Monta! 
ing from southern New England to the which have recently received large 
state of Washington and culminating in  cessions of especially energetic migra! 
North Dakota and Minnesota. In Maine but also in Florida where the rec 
the degree of accuracy falls off, perhaps migration has brought an unusually ¢ 
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set of people from other states. of special abil 
Such little details where the map de- all the eriteria toget 
rom regularity are among the best ing their average proc 


tions of its reliability. They indi liable index figure sl 


hat at least two factors control the of one state compared with another 


uution of accuracy Im answe ring the general conditions which are usua 
nsus questions. One set gives the supposed to indicat itellign 


il aspeet of the map high in th 


€ progressiveness. I have 
. low in the southeast, high on the’ this way of the follow 
coast, and relatively low in the 1) Edueation, as det 
ntain states. This first factor, as bining the following crite 
shall show in a moment, is presum- a) Pereentage of nat 
climatic. The other factor, which dren 7 to 14 years 
account for the low conditions in — school. 
ne and Nevada, the very high con- b Approx mate 
ns in the Dakotas and the re latively young people elehteen ve 
conditions in Florida may be mi- graduate from a four-v: 
m. course. 
But regardless of the causes, the fact ¢) Average number ot 
ins that by quantitative methods that pupils in the public school 
h as are here illustrated we are able tually in attendance 
produce a highly accurate map show- d) Average salary of teachers 
r the distribution of the phase of in- The excess of young men over young 


; 


gence denoted by the special cri- women among students eighteen 
mn here chosen. twenty vears of age 
Suppose now that we make similar The map thus made shows that 
ps of various other conditions which relatively narrow belt extending 
cate either intelligence or some form southern New England through 
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FIG. 7. 


Pennsylvania, and con- 
tinuing to Illinois, the general condi- 
tions of education are excellent. The 
same is true in Utah and on the entire 
Pacific In those places, on the 
whole, a large percentage of the children 


York, but not 


coast. 


are in school, a large proportion grad- 
uate from the high school, the school 
year is long and the pupils are regular 
in attendance, the teachers are well paid, 
and many boys as well as girls continue 
to study after the age of eighteen. 

(2) Health as measured by the sta- 
tistics of insurance companies ; 

(3) Illiteracy among all native white 
inhabitants over 10 years, as given by the 
census ; 

(4) Income per capita during 1919, 
1920, 1921, as determined by the Na- 
tional Bureau of Economie Research ; 

(5) Percentage of professional people 
among the gainfully employed popula- 
tion; 

(6) Percentage of gainfully employed 
persons engaged in manufacturing; 

(7) Faeilities for transportation as 
determined by railway mileage per 
capita and square mile, expenditure on 
publie roads per square mile, number of 


DISTRIBUTION OF CLIMATIC 


ENERGY 


trolley cars per capita, and nu 
automobiles per capita. 

Each of 
which 


these seven criteria 
in important 
map on 


ages. In 


respec! 
the 


order to 


map 
sembles the 
data as to 
these eight factors, the best state 


based 


respect is ranked one, the next 

so forth until the worst is forty 
When all the ranks thus obtair 
added together, obtain the 
numbers shown in Figure 6. Th 
is by no means perfect, but it si 
the best approximat 
statistical index 


we 


represent 
obtained to a 
intelligence, progressiveness and 
ity of the people of the United 
It has the advantage of providing 
nite numerical value, uninfluen 
personal opinion except in the 
of choosing the eriteria. It sh 
noted, however, that almost an) 
set of reasonable criteria gives a] 
mately the same result. Moreove: 
ure 6 is almost exactly like a ! 
the distribution of progress a 
to the opinions of 25 uncommon 
qualified judges. 

More significant than this is t 
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‘igure 6 closely resembles Fig 
itter Is a map of 


her words it IS a map 


ry as it would be if energy dependes 


on climate and if all per 

of the United St 

In physique, inte 

health, except si 

s upon elimate The tal to 

it is constructed have been fully Btugrapa) 
iined in ‘‘ Civilization and Climat 
elsewhere. Here the point that con 


represents anothe) 


he eome 


s us is that 

ple of the application of quantita 

methods to geographical problems 
\ direct comparison of the maps ol} 
ite and of general intelligence 
eress 18 possible. We e; also 
relationship by means of 
relation coefficients, and other ma 
eal methods such as are 


t | 
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DESERTS AND SEMI-DESERTS 


By Dr. CHARLES W. TOWNSEND 


CHUSI S 


A REGION where no green things grow plentiful, may 


is the popular coneeption oft a desert. deserts. 


and, wit limitations and modifications, Comparisons, although said to bh 


, 
This 


man-made deserts—and man may devas- well to compare these two regi 


definition is correct. Aside from ous, are otten inte resting, so it n 


tate by his works of peace as well as by desert and semi-desert, taking 
| deserts are generally due crete examples the true desert ot 


uinfall. Such are the tru ern Arizona and a sand-dune reg 
desert f the southwestern United far north of Cape Ann on the Mass 
States and the great African and Asiatie — setts coast. 
deserts. They may, however, owe their At the outset it must be adn 
origin, even in regions of sufficient rain- that there is a charm to both t 
fall, to certain conditions of the ground. desert and the semi-desert At 
A plain of bare rock destitute of cracks sight both appear to be dreary 
is, necessarily, a desert, and a region o1 desolate places and are frankly so 
drifting sand takes on desert characters. sidered by many In the case « 
Where rocks are pounded into sand by naturalist their charm is easil: 
wave-action and the sand washed up on plained, for each region abounds 
a beach and where strong winds bear peculiar plant and animal life and 
the sand inland dunes are to be found, general formation is interesting 
and these dunes, even if the rainfall is the naturalist is perhaps not 
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SAND DUNES 


(T 


loe of their charm, for all regions ot 


earth unspoiled by man have fon 


a perennial charm, and he often 
eriences all the thrills of an explore l 
in familiar and commonplace r 
ns. Artists find in the desert and the 
desert attractive subjects for their 

and poets for their pen, but this 
limited to 
all classes 


It 


may 


of desert regions is not 


class—it is found among 
this iS 


be 


In the regions of 


To what is charm due? 
the charm 

in the setting. 
e semi-desert the constantly changing 
1 and marshes set them about, and the 
ite dunes are as pearls in this tur 
and The 
southern Arizona ; 
about by mountains whose jagged 


true 


emerald setting. im- 


ire 
Ss i rras, 


hes 


saw-shaped 


ind up on all sides against the cloud 


Ss 


s blue vault of heaven. Just as the 


‘lors of the setting of sea and of mars! 


rt 


t 


CX 


mstantly changing, so the colors ot 
mountain setting in the true desert 
ver changing. It is impossible to 
egerate the variety and brilliancy of 


The 


ition in these desert sierras. 
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and twenty 
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or even 


walk 
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appear 
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and eTray | \ may 
TO 
eolor, and, in winter sti ns, | | 


rains fall into tl 


denly change flame 


To purple 
rie! 
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] ; 
dese! 


* sum 
mits of the mountains | 
white with snow 
nm) 

rhe 


planations of 1 


setting, the 
if (’ 
dest rt regions, but if 


( only 
is. pe rhaps, oO} 


all, 


pression in the 
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atter 


Importance 


for when o1 S 1 


mid 


Ink Some { 
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s . | ( 


dunes ot { 
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or The 
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al d can 


true d 
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see naught id desert 
charm 1s st 


about, the 


even intensified mind 


dest . 


primeval character of 
> ol 


aii SIP! 


absence ot is oO zation. 
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Vil 


very bleakness and desolat 


itself 


on 


solitude, the mystery—yes, even 


grimness which | rimitive 


arouses 


ings of sell preservatio 


ments which attract a) 
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GIANT CACTI AND CHOLLAS 


haps long slumbering instincts aroused 
in these scenes may, unknown to us, be 
the real source of this charm. ut, 
after all, the charm of the desert can 
not be explained to those who are in 
sensible to it. 

In both the desert and sémi-desert the 
heat of the surface at midday is ex- 
treme, but it cools quickly at night. <A 
surface temperature of 172° Fahren- 
heit has been recorded in Arizona at 
midday, but the range of variation be- 
tween day and night temperatures is 
reduced with every inch of descent be- 
low the surface. At six inches, the 
variation is only 17°, and at ten inches, 
2°. No wonder that the numerous des- 
ert mice and rats burrow beneath the 
surface and rest by day, or that the mice 
and toads in the seashore dunes do the 
same. 

In both the desert and the true desert 
what is generally deemed protective col- 
oration of various classes of animal life 
takes on the form of grayness. Brilliant 
and striking contrasts in coloration 
often disappear. At the seashore there 


_ 


—- 
a 
“- . ; 


IN THE TUCSON MOUNTAINS 


is a grasshopper which, alig! 
obliterated to sight by reasol 
close resemblance to the sand. TT 
sand dune spider that roams al 
sandy colored, while the fem: 
stays at home in a dark hole is 
The common or garden toad | 


brown earthy color and becomes 


and sandy in the dunes. The | 


sparrow, nesting in the wave-as 


winters in the dunes along tli 
coast, is light and sandy colored 


ingly so when compared with its 1 


relative, the Savannah sparrow 
which it probably split off. 

In the same way, in the tru 
there are numerous creatures 


dunes of Sable Island and spend 


desert-colored. Some are pal 


sandy, others as buff and reddis! 


broken lava amidst which the 


Insects and reptiles, birds and m: 
take on these colors. The flocks 


ert horned larks nearly disappea! 


they alight, and the jack rabbit 
erally invisible until he runs. 


that these creatures are easily see! 
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ion IS no argument against 
for in 


pro- 


coloration, critical mo- 


they are generally motionless. A 


young gull is easily seen on the 


but when 
d or waiting to be fed it spreads 
obliterated to 
Natural selee 


quickly weeds out those who do not 


re when it is moving, 


motionless and is 
n the sandy waste. 


this instinct of immobility. 
fact that many creatures are not 

| colored does not disprove the pro 
ctive theory, for there may be 


Som 
eason, perhaps in unpleasant secretions 
as in 


r stings, or in superior mentality, 


e case of the crow family, or even in 


reproduction, which renders 
(one 


bundant 
this protection unnecessary. must 
now not only the present life | istoryv of 
ese creatures In eve ry detail, but also 


eir past for many thousands of years 
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GIANT 


before deciding absolut 
points. 

It has been 
hand, that the 


merely the result of physical conditions 


contended, on the other 
desert coloration is 
in the desert, a chemical change due to 
heat and dryness, just as dark pelage 
and plumage are common in humid r 
change affords an 


ions. Even so, this 


opportunity for natural selection to step 


in and to vive Those most protectively 


colored better survival 
Sut should 


many of the mice be gray like the desert 


chanees for 
why, it may be asked, 
and yet spend the hot and dry days in 
and climate under 
eround? Here the difficulty is doubled, 


for the grayvness is not needed for pro- 


a cooler moister 


tection at night, and, if the grayness is 


dependent on heat and dryness, these 
animals are but little exposed to these 
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jences. Here, also, a complete 
wledge of the life history, past and 
sent, may solve the mystery. 
sand, both in the true and 1 the 
«desert, is far from a favorable sta 
for plants. Especially is this the 
¢ when the surface is constantly 
shifting, borne along by the wind. 
Furthermore, rain in falling on sand 
sinks in almost at once and leaves the 
surface dry as soon as the storm is over. 
This dry surface mulch and the poor 
eapillarity of the sand, owing to its com 


paratively large grains, act favorably, 


however, in preventing rapid evapora 
tion. 

The typical desert plants in order to 
survive must not waste the scanty water 
supply by undue evaporation and must 
store it up for use in long periods of 
drought. To diminish evaporation, 
many of them are destitute or nearly 
destitute of leaves and perform most of 
their plant reactions by means of the 
chlorophyl of the stems. Such are the 
palo verde, the crucifixion thorn and the 
desert ‘‘broom.’’ Others accomplish the 
same thing by their tough surface 


protected leaves Hs ! The ereo 


A protection of wax or resin 01 
T 


densely matted hairs prevents 
extent the evaporation ot wate 

The cacti are typical examples 
Wwater-storers Tl succulent stems 
swollen to a great size, store up mue 
needed water I} miant cactus—tii 
saguara—which rises to a height of fort 
feet, stores In its trunk and limbs man 
gallons of water, while the barrel cactus 
has been made to yield to the thirsty 
traveller several quarts of potable fluid 

Most of the desert plants except the 
annuals are characterized by thorniness 
the eacti to a notorious degree, and 
many of the other plants are thorny, as 
for example, the mesquites, cats-claws 
ocotillos and vuceas Plants which lac 
thorns. like the creosote bush. are ofte) 
distasteful to browsing animals \t 
first sight, therefore, it would appeal 
that thorns are protective developments 
of desert plants, without which the 
would be exterminated by browsing and 
gnawing animals. This view is opposed 
however, by some who show that t! 


, , 
are the result of the phvVvsical and @ 
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SAND DUNES 


eal influences of the desert, and that 


plants grown in a dry atmosphere tend 


to produce thorns, while cultivation in 
a damp atmosphere discourages them. 
They admit that the thorns may act as 
a defence, but believe that this protee- 
tion is merely incidental or, it may be 
said, accidental. Now it may often hap- 
pen both in nature and in the inventions 
of man that what was at first merely 
incidental and apparently unimportant 
becomes of prime importance. However 
this may be, it is plain that thorns once 
started would be elaborated by natural 
selection as a defense. If one has seen 
a starving cow with a branch of cholla 
cactus attached to its muzzle by wicked 
barbed thorns, one can easily understand 
why the cholla flourishes in the desert 
and almost never shows signs of injury 
by rodents or browsers. It is said that 
the spineless cactus, a form of prickly 
pear without the prickles, soon ceases to 
exist in cattle ranges. 

Deserts are almost always pictured as 
regions of terrible and grim struggle for 
existence, but the animals are necessa- 
rily as accustomed and fitted to their 


surroundings as are those of 
gions, and they doubtless lead a 
and as earefree an existence as d 
ereatures of humid _ regions. 
foolish man they do not suffer by 
memories of the past nor worry 
the future. In fact, some deserts 
to be particularly adapted to rod 
for the number of species and ind 
uals in the deserts have been foun 
be greater than in the adjoining fo 
clad mountains, where existence w 
seem to be much easier. In the s 
way, the polar regions are pictured 
regions of terrible struggle, but the 
no happier race of man nor one n 
completely adapted to its surround 
than is the race of Eskimo. It is « 
cult to put ourself in the other fell 
place, and much unnecessary symp 
is often wasted. 

To one unfamiliar with the tru 
ert of southern Arizona this |! 
bizarre and weird appearance, not 
tirely of this world. The eacti 
strange and uncanny, yet even her 
may find likenesses in the semi-des 
of the eastern coast, for the facto 





DESERTS AND SEMI-DESERTS 


nee or water-storage, I ri plant 
d of diminution in the s! . miller 
are all present. Thus, the i In 
eTrows in abundance on the dry 
es of sand of the upper beach and 
bles the eacti in storing water l 
The saltwort not 


but their 


ollen joints. 


stores water in its leaves. 
. e mesqu 

ts are sharp and_ prickly Phi he] 
. - : - . welOongins 
sonia (inappropriately called pov 


Trass for it hears a Wei ! I . , 
of long roots 
blossoms avolds | vA a 

; ; ; Different 
its leaves by ft 
ry ’ SCT 
itt downy scales | e sant brus} Ci 
e true dest rt with its leaves eovered 
to prevent evapol a y? 
hy : eTOWS 


] 
1 seml-desert |! 


nresented In ( 


downy hairs nh commo! 
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TWO NOTED MINERAL COLLECTIONS 


By Dr. GEORGE P. MERRILL 


. S. NATIONAL MUSEUM 


DuRING the summer of 1926 there These inelude lare« erystal 


passed over to the majority two of of them upward of one hundre 
America’s most noted collectors of min in weight, of jeffersonite, fra 
erals, and the results of their years of gahnite and garnet and many fin 
work and recreation have fallen into of ealamite, zincite, ete., all of wi 
other hands. It will be of interest to probably the finest of their kind 


devote a few pages to a history and de- are also exceptionally fine erys 


seriptl mn of these men and the eolleetions chaleoeites from Bristol. (‘on 


they assembled, in view of the fact that and pyromorphites from the W 
both of the latter have become, one by mines of Pennsylvania 
bequest, and one by donation of a son Frederick A. Canfield, son 
and heir, the property of the United Frederick Canfield mentioned 
States National Museum in Washington. who inherited the collection, p 
to leave the older exhibit int 
THE CANFIELD COLLECTION begin a new one of his own. TI 
This is, in part, one of the oldest pri- ®! the time of his death total 
vate collections in America, its nucleus 4-900 specimens and, togeth« . % 
of his father, comprises his beq 
the National Museum. 
Edueated at Rutgers and ¢ 


having been formed by Mahlon Dicker- 
son, of Dover, New Jersey, who began 
collecting in the early part of the nine iat ai 
Universities as a mining engi 


teenth century. The collection appar- 
geologist, F. A. Canfield foun 


ently passed to his nephew, Frederick : 
Canfie ld. Sr.. and to it were added many practice of his profession an opt! 


fine specimens collected at Franklin Fur- 1°? travel and acquisition of | 
nace, Stirling Hill. and neighboring lo- ™ens at first hand. Perhaps 


o.8 - ' . > the orals obt 
calities between the years 1840 and 1866. noteworthy ot the mineral on 


This collection, comprising some 1,600 this way were the Bolivian sil) 


specimens, was arranged in eases in the pounds which he brought back 


Among these are exceptiona 


] } 


parlor of the family mansion near 
groups of pyrargyrites, and 01 


Dover, where it remained undisturbed . 
until it was packed for shipment to the ™&€Ss of argvrodite, a mineral cor 
National Museum at Washington in the largely of the very rare elen 

summer of 1926 See Fig. 1. Made manium, the largest piece of 1 

at a time when few American localities ¢Tal known. A large dodecahedt 
had been discovered. the collection was tal of the same is also worthy 
It was in this lot of material 


a general one, comprising Many speci 
fessor S. A. Penfield found h 


mens from the classic European loeali 





ties. The outstanding materials, how new mineral, a tin analogue o! 


ever, are thos collected at Franklin dite, to which the name can] 


Furnace and vicinity previous to 1860, given. Another specimen 0! 
vreat cleavage mass of Brazil 

1The detail en in this paper were fur 
nished by Earl V. Shannon and William F. 
Foshag, who superintended the packing of the 
collections for removal to Washington. to this country. 


weighing ninety-five pounds, tl 
be the largest of those recently 





I. 
ot 
oo 
— 
ax 
= 
— 
<< 
a= 
A. 
am 
~ 
— 
—_ 
“A 
-_ 
~ 
—_ 
_ 
— 











a, , 
an 


cree <a 


CHR FF eP ane 
KE WHB RE OES phd Asin 
OEOSE HS SOPs WS 


$0, Ot SOE DOET OOo EEE 
Semen Pr. Be. "Seow Cove 


+ eo Fee 








316 


Mr. 


Canfield subsidized workmen in the rail- 


modest income, 


Possessed of a 


way tunnels and stone quarries of north 


ern New Jersey to gather for him the 


choicest specimens as the work pro- 
gressed, and his professional connection 
with the Franklin 
enabled him to keep pace with the new 


found 


mines at Furnace 


rare minerals constantly 


Although he aequired a consider 


and 
there 
able stock of duplicate material he very 
a specimen once it had 
found its the 
his endeavor so far as practicable to con 


rarely released 


way into house. It was 


tinually improve the quality of his col- 


lection by replacing inferior with better 
specimens of the same mineral as oppor 
offered newly 


mineral or a 


tunity Occasionally a 


deseribed new find would 


apparently take his fancy and he would 


complete suite if such were 
Such suites of benitoite, nep 
the ecol- 


price le SS 


obtain a 

available. 

tunite, bixbyite, ete., found in 
h 


leetion are now well nig 


Many of 
their beauty and value to the long hours 


the specimens owe much of 
of painstaking work which he spent in 


removing the matrix from crystal 
groups. 


Mr. Canfield never married, but after 
the death of his mother lived in his pie 
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GARNET CRYSTAL 


INCHES IN DIAMETER, WITH 


FIG. 2. 
ABOUT FIVE 


ATTACHED PYROXENE 


FIG. MR. F. A. CANFIELD 


turesque house situated in a gre 
pines on the hilltop, with no compal 
other than an elderly housekeeper 
a gardener. His time was largel\ 
his min 


he had a 


third, 


up to his hobbies—first. 


second, coins, of which 


valuable assemblage, and 
study of his family history and ger 
ogy. The mineral collection was lh 
in beautiful oak and mahogany cal 
the specimens neatly labeled, cata! 
and numbered. 
Though 
Canfield 


cumulate, doing a minimum amour 


scientifically trained 


seemed content merely t 
research work, his total bibliograph: 
cluding six titles. He was 
author with Hillebrand and Schall 


the description of the mineral mos 


only 


and the type specimen of that mi 


is in his eollection. An_ inter 
pamphlet which he published wit! 


few years of his death was a comp 
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¢ the final disposition of all the 
le collections ot Ih nerals 

Canfield died on July 
in his will bequeathed the mineral 


etion, together with an endowment 


3, 1926, 


£50.000 for its upkeep, to the Smith 
an Institution. As with the next 
deseribed the eollection is now 


sited in the National Museum 


THE ROEBLING COLLECTION 


The eareer of Colonel Washington A. 

bling has of late been made pretty 
nerally known to the newspaper read 
ing public. He was born in Saxonburg. 
Pennsylvania, the son of John A. and 
Johanna Herting Roebling. His father, 
native of Prussia, was a civil engineer 
hnie School 


trained in the Royal Polytee 
of Berlin and for a time engineer for 





the government of Prussia. Among the 
rojects he undertook in America was 
he building of a suspension bridge 
the East River, New York. 


I 
‘ 


across 
Through an accident he was badly in 
jured and died of tetanus before even 
the plans had been fully drawn up. It 
fell to the son, Washington A. Roebling, 
then a man of thirty-two years, to build 


\) 


what was destined to be one of the en —_ 
ave—the 9 COLONEL WASHINGTON 


gineering wonders of the 
Brooklyn Bridge. This great task ré 


ROEBLING 


ceived His po rsonal supervision 





ing the sinking ie Calssons 
foundations of the structure he 
many hours un 

pressures as to 

permanently injure 

it necessary for h 

work, searcely a fi 

not present new and 


l } 


from the sick room 

tion from the strai 

physique he turned his attention 
collecting ot minerals Unable 
dergo the phvsieal 


and active work in 








tunately endowed with the necessar\ 
FIG. 4. DYSLUITE CRYSTAL financial means, he did a large share 


ABOUT SIX INCHES IN DIAMETER his collecting hy correspondence and 
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FIG. 6. A 


NATURAL SIZE, 


there is probably not a dealer or collee 
tor of importance in the country tha 
his files one or more letters 
written in the fine, 
for which the Colonel was noted. 


merely the beautifully 


has not in 


almost womanly 


hand 
He sought not 
developed specimens but those that were 
aim was to secure a 


rare—indeed his 


representative of every known mineral, 


however insignificant and uninteresting 


in appearance it may have been. 

While Colonel Roebling was not him- 
self a man of research, he fully appre- 
ciated the work of those that were, and 
his choicest specimens were always ac- 
authentic Many 
mineralogists were frequent beneficiaries 


eessible to workers. 
from his willingness to help through 
loan of specimens or by direct 
With the National Museum he had been 
for years on particularly friendly terms 


oift. 


of cooperation, a fact that doubtless was 
of influence in deciding the final dispo- 
The specimens 
were never but 
pletely labeled in his own hand, often 
with amusing annotations and personal 
But dozen of the 
species are wanting, and 


sition of his eolleetion. 


catalogued were com- 


reflections. about a 


well-defined 


CHRYSOBERYL 


FROM THEI 


TRILLING 


ROEBLING COLLECTION 


many old and obscure varieties ma 
that 
even 


found are lacking in other ce 
tions the 
secured wherever possible. It is in 


humblest having 
completeness that its scientific valu 
Some of the more notable of the s; 
mens have, since his death, receive 
tention in the columns of the nev 
pers, but the matter will bear repet 
here. 

Apatite: An extraordinary deep 
purple Auburn, Mai 
measuring 38 x 43 mm in the horizo: 
and 30 the vel 
weighing slightly 


erystal from 


direction mm in 
and 
So unusual is this eryst 


direction, 
100 grams. 
respect to size, color and crystal 
opment that it deemed wort! 
description by W. E. Ford in the A: 
ican Journal of Science for Septen 
1917. 

Beryl: A considerable number 0! 
amples representing many varieties 
localities. Three from Brazil are 
cially fine; one weighing about a 


was 


gram, of a light greenish yellow 

with sharp hexagonal crystal boi 
ries, clear and flawless; blue-g 
of about the same weight; and one 


one 
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FIG. 7 ARKANSAS DIAMONDS IN THE RO] 


with very good crystallographic Euclase: A 
opment of the pyramid. The alkali fragment, showing 
s from Madagasear and California clear and flawless t} 


also r’é presented 128 vrams, Trom br 


rysoberyl: Two fine trillings, un also a light bh : 


Have the form of a six-rayed star ity, weighing nearly 4 
fig. 6), are sharp in their crystal Kunzite: Represente 


opment and of a light green color. some 30 em in length, 7 

argest is about 74 mm in diameter. 2 em in thickness, as 
are also representatives ot the smaller forms 

ty alexandrite, one cut gem from Valachite: A bea 

n weighing 16.7 carats, and two oldal mass some 1) x 
erystals from the Urals. is interesting for | 

mond: Represented by a remark- ‘‘Brought from Russia 

ff a perfect cube some 15 mm in’ him to Henry A. Ward, of Rochest 

ter, with dodeeahedral and octa for a mounted buffalo head.’ 


well-developed black crystal in the the Grand Duke Alex 


forms on its corners and edges Opal: The opal was « 


t 64 earats. There is ilso the » with Colonel Roeb! ng 


of ten from Pike County, Arkan- eral is represented by 
own in figure 7. pieces of all weig 


| 


letailed description oO t and mode blaek opal alone IS 


fine specimens, one 


rence see ‘* Dian 
County, Arkansas,’’ Bull. U . Ge ster piece 105 e 
735, 1923, pp. 279 


1 Claret SR ; : ; found in 1917, still 
, 1922; or reprinted Smithsoniar 2.665 carats or 18.6 


3, pp. 261-272, Public: 768. Peridot: A fine el 
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90x 47x16 millimeters, weighing 310 perfect crystal of paramela 

carats, from Isle of St. John, in the Red exceptionally fine connellité 

Sea few known crystals of jerem: 
V’henacite: There are several very fine fine group of magnesioferrit 

examples of this mineral from Brazil, from Vesuvius; native crystals 

one large single crystal being 58 mm in’ mony, and many others. Th 

diameter. of Langban minerals, perhaps 1 
Roeblingite: This mineral was named’ est mineral locality in thé 

in honor of Colonel Roebling. It is very unique minerals, is said to bi 

unusual in composition, being the only jn Ameriea. 

mineral known to contain any sulphite Mr. John A. Roebling. 

It always occurs massive and has been fhe yalne of the eollection for 

found only at Franklin Furnace, New purposes, has, in memory of 

Jersey. ; presented it to the Smithsonia 
Topaz: This mineral is well repre tion with an endowment of $1 


se *( ) i } y re t ( 2 : > . 
nted both in the eut vem and the the income from which is t 


t 


crystal forms. Three amber-colored,  jts preservation and for the a 


oO °} ‘ 2 Yr +é 27 mata , . . | 
long, prismatic crystals, terminated by of new material that its present 


vramide the lence asuring 20 en 
pyramids, the longest measuring cm, standing may be maintained 


It will perhaps be well to add 


oro F e S Tl > mW. S| . ’ . > 
group of th iberian blue topazes and title Colonel as applied to Mr. R 


are from Brazil. There is also a fine 


one eut stone welghing 397.9 carats and 
’ 
) 


was not an empty honor. He | 


measuring 39x 36x33 mm. a beautiful . 


enlisted on the outbreak of 


eut stone of a rich wine-vellow color 2 , : 
ee _— : War. served with merit until 1S! 
weighing 93.6 earats and measuring oe 
2 “a. oe he resigned to assist his father 
$4x31x15 mm; and a cleavage cross- . aye 
. , construction of the Cineinnati- 
section of nearly colorless crystal from SS de 
Brazil, weighing 45 pounds. bridge wipes the Ohio Rive 
Tourmaline: Of particular merit is a 1f his after-life is too well know) 
group of two large pink Mesa Grandes further reference here. 
The two gifts above deser 


tourmalines perched on a base of quartz = 
their accompanying endowment 


erystals. It is stated to be one of the 
the National collections on a } 


finest and best that California has pro- 
duced. There are also isolated crystals those of the great museums « ul form 
and cross-sections, showing zonal color- and students and workers in mur mere 
ing, from California, Madagascar and the country over are to be congrat gene) 
other loealities. that, instead of being sold and berri 

Many others of the minerals while uted, they are to be retained whe able, 
less showy are exceptionally fine. There will be cared for and accessibl num 
are, for instance, good erystals of dela- properly accredited workers as such 
fossite, an oxide of copper and iron; a_ the visitor interested only in dis (ras, 


tropi 
and 

grea 
Chir 





LINKS WITH ASIA BEFORE THE MOUNTAINS 
BROUGHT ARIDITY TO THE WESTERN 
UNITED STATES 


By Professor EDWARD W. BERRY 


THE JOHNS HOPKINS UNIVERSITY 


Wuen the veteran American botanist 
4sa Gray made his first western trip in 
i872 he chose as the topic for his presi- 
dential address to the American Associa- 
tion for the Advancement of Science 
gsembled at Dubuque, Iowa, the rela- 
tions between the floras of North Amer- 
ia and Asia, and explained their 
broader history in a masterly way by an 
appeal to the geological record—then 
little known. 

The past half century has witnessed a 
most remarkable increase in our knowl- 
edge of the living floras concerned and 


an even greater increase in our knowl- 


edge of their ancestors, but has not 
greatly altered the outlines of Asa 
Gray’s sketch. At the present time the 
two richest temperate floras in the 
world are those of eastern North Amer- 
ica and eastern Asia and the remarkable 
feature of these two widely separated 
regions is the number of closely related 
forms that occur in both. If these were 
merely representatives of widespread 
genera such as alders or birches or bay- 
berries it would perhaps be less remark- 
able, but when they include a large 
number of forms found nowhere else, 
such as magnolias, hickories, gums, sassa- 
fras, tulip trees, ete., it is worth the 
effort to arrive at an explanation. 

There are probably more genera in 
the Asiatic region, and this is partially 
explained by its proximity to the great 
tropical region of southeastern Asia, 
and the more numerous ranges and 


greater heights of the mountains in 
China. 


In eastern North America the moun- 
tains are relatively low and the meso- 
phytic hardwood 
from the wet tropics by the Gulf of 
Mexico and the arid regions of Texas 
and northern Mexico. Hence it gets but 
a few immigrants from the former in the 
Florida peninsula, and a numerous 
progeny of arid things such as yuccas, 
agaves and cacti from the latter, and 
these last have no representatives in the 
Asiatie region. 

The latter region also has many more 
species in certain widely distributed 
genera such as among the maples (Acer), 
cherries (Prunus), barberries (Ber- 
beris), mountain ashes (Sorbus), ete., 
but falls far behind in service berries 
(Amelanchier) and thorns (Crataegus). 

In general the corresponding trees are 
larger and more valuable in North 
America, but nowhere is there such an 
amazing variety of beautiful flowering 
small trees and shrubs as in the Chinese 
region. Other contrasting floral features 
somewhat aside from the theme of this 
story are the abundance of the bamboos 
in eastern Asia and of black oaks and 
coniferous forests in eastern America. 

Among the conifers (including Taxa- 
ceae) eastern America has more pines 
and the exclusive genus Taxodium. 
Eastern Asia has more larches and 
spruces, and at least eleven genera not 
represented in eastern North America, 
namely Glyptostrobus, Liboeedrus, 
Cupressus, Cunninghamia, Pseudolarix, 
Keteleeria, Cryptomeria, Fokienia, 
Cephalotaxus, Podocarpus and Ginkgo. 


region is separated 
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It would be tedious to attempt an 
exhaustive comparison and | will there- 
fore mention but a few of the more 
familiar contrasts. Although there is 
little disparity in number of species the 
Asiatic poplars, willows and alders are 
larger; whereas the American oaks, elms 
and beeches are larger. There are more 
figs in the former and more laurels 
(Lauraceae) in the latter. The roses 
and their allies, the citrus trees, mangos, 
chinaberries, ailanthus, Paulownia, the 
tea family, the persimmons, various 
genera of the olive family (Forsythia, 
Syringa, Ligustrum, Jasminum, etc.) 
are exclusively Asiatic or have a much 
more varied representation on that con- 
tinent. I have not mentioned herba- 


ceous plants since these are so sparingly 
represented in the geological record, but 
it may be said that along with the con- 
trasts between the two regions there are 
a large number of identical or closely 
related species which occur in these two 


regions and nowhere else, such as arbu- 
tus, twin leaf, ginseng, sensitive fern, 
ete. 

If we compare the existing flora of 
Europe with either the eastern Asiatic 
or eastern North American we find it to 
be much poorer in both genera and 
species. Thus there are few oaks and no 
magnolias, sassafras, tulip trees, gums— 
either sweet or sour—walnuts or hick- 
ories in present day Europe, and to find 
a flora at all corresponding with that 
of eastern North America and eastern 
Asiatic we have to go back to Pliocene 
or early Pleistocene Europe, at which 
time all of the trees mentioned as well 
as the bald cypress, sequoia, glyptostro- 
bus and many others were present on 
that continent. Central and Western 
Asia of the present shows equally 
marked contrasts and, although little is 
known of the paleobotanical history of 
that vast region, what little we do know 
of its fossil record shows the presence in 
the past of many familiar trees which are 
no longer present in that region. 


The existing flora of western N 
America is on the whole similarly 
trasted, and its points of resembla; 
are furnished by what are survi 
from other days, such as the sequoias 
incense cedar, sycamore, tumion, 
bud, California horse-chestnut, ete. .)) 
these have a much more restricted « 
bution in western North America + 
they had in that region during th 
Tertiary, and survive to-day in t 
restricted areas in what might be eal 
surviving environments, that is, in 1 
humid coastal region of northern (C 
fornia, western Oregon and wester 
Washington, or by retreating to str 
valleys as did the western sycamor 
by extinction everywhere except in t 
Sierra Nevada fog belt as did th 
trees. 

In other words, the Miocene climat: 
western North America was more u 
formly humid than is the present 
climate, and the aridity of certain ar 
such as the Great Basin is a very moder 
feature largely conditioned by the cl 
matic changes brought about by the ele- 
vation of mountain ranges in compara- 
tively recent times, geologically speak 
ing. 

In the western United States there a1 
a number of widely scattered localit 
from which late Tertiary floras of M 
cene age have been recovered. Thes 
extend from California eastward to t! 
justly celebrated former lake basin 
Florissant, Colorado; and include t! 
Yellowstone Park and various localities 
in Nevada (Esmeralda _ formatio: 
Idaho (Payette formation), Oreg 
(John Day basin), and Washingt 
(Latah basin). These are shown on th 
accompanying sketch map. 

There are many earlier Tertiary 
floras in this region, notably in 
Puget region in Alaska and western 
Canada and throughout the Rocky 
Mountain and Great Plains states, 
which we must look, in part at least, for 
the ancestors of these western Mioce! 
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Fig. 1, 


SKETCH MAP SHOWING PRINCIPAL LOCALITIES FOR MIOCENE PLANTS IN 


THE WESTERN 


UNITED STATES. 


(1) Latah formation, Washington; (2) Ellensburg formation, Washington; (3) Eagle Creek 
formation, Oregon and Washington; (4) John Day Basin, Oregon; (5) Payette formation, 
Idaho; (6) Trout Creek, Oregon; (7) 49 Camp, Nevada; (8) Pitt River, California; (9) Table 


Mountain, California; (10) San Pablo, California; (11) Esmeralda formation, Nevada; (12) 


° 


Yellowstone Park; (13) Florissant, Colorado. 


floras, but in order not to complicate the 
narrative, I propose to limit myself to 
those later ones enumerated in the pre- 
ceding paragraph. 

There is nothing more dramatic in 
earth history than the effects of the ele- 
vation of a mountain range across the 
path of the prevailing moisture-bearing 
winds, which converts the leeward coun- 
try—often spoken of as lying in a rain 
shadow—into a semiarid or quite arid 
region. Nowhere were the effects more 
tremendous than in South America 
where the Andes—unusually high moun- 
tains—bisect the equatorial and south 


temperate zones in the paths of two of 
the most constant wind systems of the 
globe—the southern trades and the 
‘‘roaring forties.’’ Although the west- 
ern American mountains are lower, and 
do not interrupt as constant wind sys- 
tems, the effect of their elevation was 
almost equally remarkable, for the 
Rockies, Sierras and Coast ranges reared 
their present bulk in late geological 
times in a forested country, and their 
present comparative nakedness 
quite absent at their birth. 

The single restricted 
Glyptostrobus of China 


was 


species of 
is almost as 
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much like our American bald cypress as 
the redwood is like the big tree. Near 
relatives among plants like members of 
a human family naturally dwell to- 
gether. If we encounter a man in Bos- 
ton who has a brother in Vienna we 
know of a certainty that one of the 
brothers has moved either from Boston 
to Vienna or from Vienna to Boston. 
Similarly among plants when we find a 
sassafras or a tulip tree in America and 
another in China, we know that their 
ancestors have spread from the one re- 
gion to the other and that something has 
changed the intervening country so that 
it is no longer habitable for them. This 
is really reducing the illustration to the 
lowest common denominator of simplic- 
ity, and the ways of nature or the story 
of earth history are never simple. Often 
along such past paths of dispersal are 
localities in every way suitable for an 
animal or plant and yet it is no longer 
found there, and this has a double mean- 
ing. It means that once they flourished 
there and then changed conditions 
rendered the region untenable, and since 
it has reverted to something like its 
original condition the particular animal 
or plant can not gain access because of 
natural barriers that have developed. 

A thousand such illustrations could be 
given. Perhaps the most striking is fur- 
nished by Europe. Nearly all the Amer- 
ican or Asiatic plants which are no 
longer natives of Europe, but whose 
ancestors were there in the late Tertiary, 
will flourish when reintroduced by man. 

The Chinese tree of heaven (Ailan- 
thus) is found fossil in the late Miocene 
lake beds at Florissant, Colorado, and at 
other places and times in North Amer- 
ica, but has not been a native for hun- 
dreds of thousands of years, and yet it 
has become effectively naturalized in the 
last few centuries since it was reintro- 
duced by man. 

One of the most extensive as well as 
interesting of these western Miocene 
floras (Loe. 1) is that found in and 


around the city of Spokane in easter; 
Washington. Here in late Mioceng 
times surface flows of lavas from 
great Columbia area dammed 
streams, and in the lakes which result, 
the vegetation of the surrounding lands 
accumulated and much of it was beaut 
fully preserved in the muddy sediment 
that were deposited. More than hali 
the sixty-six genera which have bee 
identified from these deposits are unrep- 
resented in the existing flora of Wa 
ington, and twenty-five of them ar 
longer present in western North Amer. 
ica. This contrast between the past and 
the present is largely due to the fact t 

in Miocene time the Spokane reg 
was one of abundant and well-distributed 
rainfall, and the Miocene forests wer 
mixed hardwoods much like those of t 
present time in eastern North Americ 
The post Miocene elevation of mountains 
has converted the region into on 
lessened rainfall, temperature extremes 
and a relatively short growing season, s 
that those Miocene plants which could 
not maintain a foothold on the western 
facing rainy slopes of the rising moun. 
tains, or amid the somewhat changed 
conditions in the stream valleys, beeam: 
extinct. These comprise an impressiv 
list and include the hickory, chestnut, 
beech, elm, hornbeam, fig, tulip tre 
magnolia, sweet gum, hydrangea, linde: 
sassafras and persimmon. All these ar 
still present in the forests of eastern 
North America and in the corresponding 
forests of eastern Asia. 

The largest western Miocene flora 
known is that found at Florissant, Colo- 
rado (Loe. 13). There more than tw 
hundred and fifty different kinds 
plants have been discovered, along wit! 
thousands of insects, beautifully pre- 
served in the sediments of a small lake, 
which in upper Miocene time occupied 3 
basin or park in the rising Rocky Moun- 
tains west of the present city of Colorado 
Springs. The sediments are largely 
made up of fine voleanic ash, whic! 
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accounts for the excellence of preserva- 
tion of the plant remains, since the finer 
the sediments the more faithfully are 
the details of the fossils preserved. <A 
considerable number of the Florissant 
plants are identical with those found 
around Spokane, and many more are 
closely related. No horse-chestnut, tulip 
tree or sassafras have been discov- 
ered at Florissant, but a number of 
plants otherwise unknown in western 
Miocene floras or in the present floras of 
western America have been found. 
These include the Chinese tree of heaven 
(Ailanthus) ; the custard apple 
(Anona); the mostly tropical genera 
Bauhinia and Sierculia; the mulberry, 
which still has two species in eastern 
America and several in eastern Asia, as 
well as in other parts of the world; the 
syringa (Philadelphus), extensively eul- 
tivated and surviving in eastern Amer- 
ica, eastern Asia and central Europe; 
and the devi! wood, surviving in the 
Atlantic Coastel Plain from North Caro- 
lina to Louisiana and often called the 
American olive, and with several species 
in eastern Asia. 

At all the localities where Miocene 
fossil plants have been found—the more 
impertant of which are shown on the 
accompanying map—the story is much 
the same. Nearly all have revealed the 
same species of magnolias, sycamores, 
poplars, oaks, willows, ete., showing 
essentially similar conditiens of life, and 
containing in greater or less representa- 
tion forms common to the existing floras 
of eastern America and eastern Asia, 
forms still present in more or less re- 
stricted areas in western America, and 
forms no longer represented in American 
temperate floras. 

A few of these western Miocene plants 
deserve more than a mere mention. 
Thus the maiden hair tree or ginkgo, 
which is present in considerable abun- 
dance in the rocks of Oregon and Wash- 
ington, has a single existing species now 
rather well known because of its rather 


wide cultivation as an ornamental tree 
in temperate climes. Darwin called it 
a living fossil, and it seems to have 
escaped total extinction by centuries of 
human care in the temple gardens of 
eastern Asia. Its ancestral history goes 
back to remote geological times long 
antecedent to the first flowering plants. 
During the age of reptiles (Mesozoic) it 
was present over practically all of North 
America and all of the other continents 
except Africa and South America, and 
in the earlier part of the age of mammals 
(Tertiary) it still flourished in the 
Arctic, Europe, Asia and western North 
America. It seems as if the climatic 
changes which accompanied the glacia- 
tions of Pleistocene time were responsi- 
ble for its extinction throughout its for- 
mer wide range, and only in Asia, where 
the topography and geography afforded 
an accessible asylum, did it live on for 
our ultimate enjoyment. 

The bald cypress of the southeastern 
United States and Mexico, associated 
with De Soto’s search for the fountain 
of youth and Cortez’ overthrow of the 
Aztee empire, is another tree which once 
flourished over all the northern conti- 
nents and was found in the West as late 
as the Miocene in Oregon and Washing- 
ton. For some unknown reason it failed 
to survive in eastern Asia, where, how- 
ever, it is represented by a relative—the 
unique and still more restricted glypto- 
strobus. Some of the Mexican cypresses 
are said to be longer lived than the giant 
sequoias of the Sierra Nevada, and one 
at Popatela near Mexico City, pictur- 
esquely called arbol de la Noche Triste, 
is associated with that grievous night in 
Cortez history when all seemed to be lost. 

The sequoia, most famed of trees, has 
been the theme of song and story, and 
has been the mecca for an age of tourists 
for so long, that it would be trite to 
dwell on their present isolation or their 
past or present grandeur. Not every one 
knows of their ancient lineage and wide 
distribution, or that you may observe 
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their petrified stumps at Florissant, 
Colo., or in the wonderful petrified for- 
ests of fossil ridge in Yellowstone Park, 
or that as late as Miocene time their re- 
mains are to be found in Oregon, Wash- 
ington, California, Idaho, Yellowstone 
Park and Colorado, as well as in Europe. 
In Europe it was the Pleistocene glacia- 
tion which was their undoing on that 
continent and in western America their 
partial extinction resulted from the arid- 
ity due to mountain uplift over so much 
of their former area of distribution. 

The incense cedar, a large and stately 
tree found singly or in small groves 
along the Cascades, Sierra Nevadas and 
Soast ranges from Oregon to Lower Cal- 
ifornia, has existing relatives in eastern 
Asia and in such remote regions as Chile, 
New Caledonia and New Zealand. It has 
come down to us from remote geological 
times and although its ancestry is 
shrouded in darkness it has been found 
in Miocene rocks in Washington, Oregon, 
Idaho and Colorado, showing that it was 
a fully accredited member of the meso- 
phytic forests which in the late Tertiary 
extended over such a large part of the 
western United States. 

It would interest only botanists to 
enumerate all of the plants of the west- 
ern Miocene with their ancestral history 
and the vicissitudes of their descendants, 
so that I will give only a few incidents 
regarding the more widely known forms. 
The figs belong to a great genus with 
hundreds of living and mostly tropical 
species. They are found on all the con- 
tinents both at the present time and dur- 
ing their geological history. To-day the 
native American species ure few in num- 
ber and do not range north of southern 
Florida, although the cultivated fig 
grows well in California and as far north 
as Maryland along the Atlantic coast. 
Leaves of figs are found in the Miocene 
in Washington, California, Yellowstone 
Park and Colorado, and they are abun- 
dant in the clays of the Latah formation 
around Spokane. 
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Water chestnuts (Trapa), whose eu; 
ous horned fruits are such strikine , 
jects, are no longer natives of No 
America, although frequently int; 
duced. They flourished on this con: 


nent from the Eocene to the Plioce; 
and their characteristic fruits are found 
Idaho an 


fossil in the Miocene of 
Nevada. 

Among the plants which are confin 
to a single region in modern floras js 
the sweet fern (Comptonia). 
existing species may be found as a | 
side shrub from Nova Scotia to North 
Carolina. Its ancestral history goes 
back to the dawn of the flowering plants 
and it was formerly present in a variety 
of species on all of the northern conti. 
nents. In Miocene times it was still pres- 
ent in Europe, in Japan and in Wash- 
ington and Colorado. We can only sur. 
mise why it died out over all of this 
enormous area. 

Among the better known temperati 
trees which are members of the existing 
forests in Europe, Asia and eastern 
North America, but are no longer found 
in western North America, are the beech 
elm, chestnut and linden. All have a 
long geological history which I have de- 
scribed in another place.’ All are abun- 
dantly represented in the western Mio- 
cene—the beech in Washington, Califor- 
nia, Idaho, Yellowstone Park and Colo- 
rado; the elm in Washington, Oregon 
California, Yellowstone Park and Colo- 
rado; the chestnut in Washington, Ore- 
gon and California, and the linden in 
Washington and Colorado. 

Two trees which survive in limited 
areas along streams in California, wher 
each is represented by a single species, 
are the sycamore and the horse chestnut 
Both are also found more abundant! 
to-day in eastern America, Europe and 
Asia. Both have a long geological his 
tory, the sycamore being especially va- 
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ried, abundant and wide ranging in the 
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1 Tree Ancestcrs, published in 1923 by 
Williams & Wilkins Co. 
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earliest known forests of flowering 
plants. In our western Miocene the 
horse chestnut was found in Washing- 
ton and Oregon, and the sycamore was 
apparently abundant and characteristic 
throughout the whole western country 
for it has been recorded in beds of that 
age in Washington, Oregon, California, 
Idaho, Nevada, Yellowstone Park and 
Oklahoma. 

Familiar trees or shrubs which were 
abundant in our western states during 
the Miocene, but are now extinct in that 
region and survive only in eastern Amer- 
iea and eastern Asia, are the hickory, 
magnolia, sweet gum, hydrangea and 
persimmon; and to these may be added 
the tulip tree and sassafras, which as yet 
are certainly known from but a single 
locality in Washington. 

The hickory, unlike its near relation— 
the walnut, which still survives in Cali- 
fornia—was found on all the northern 
ontinents from the early days of the 


flowering plants almost to the dawn of 


written history. In modern floras it has 
long been supposed to be confined to 
eastern America where it has numerous 
fine and useful species. Recently it has 
been found to be present in the forests 
of central China. In the western Mio- 
ecene it has been detected in Washington, 
Oregon and Colorado. 

The magnolia, favorite ornamental 
tree with hundreds of horticultural 
varieties, is native in southeastern North 
America and eastern Asia, in fact the 
whole magnolia family has a discon- 
nected distribution in existing floras. It 
too goes back almost to the dawn of the 
flowering plants and was widely distrib- 
uted in former times. In the western 
Miocene it has been found in Wash- 
ington, Oregon, California, Yellowstone 
Park and Colorado. 

The sweet gum, whose beautiful star- 
like leaves contribute such striking tints 
to the vernal and autumnal woods of 
eastern North America and eastern Asia, 


was found on all the contirents during 
the later Tertiary. In Miocene America 
it was present in Washington, Oregon, 
California and Colorado, and at the first 
of these localities its characteristic fruits, 
or gumballs, are associated with the 
leaves. 

Hydrangea, which is more familiar as 
a cultivated shrub than as a wild plant, 
belongs to a genus with about 35 exist- 
ing species of shrubs or small trees now 
found in southeastern North America, 
South America and eastern Asia. One 
of its peculiarities, on which its favor 
as a cultivated plant depends, is the 
tendency it shows for some or all of 
the small flowers of its flower clusters 
(corymbs) to become sterile and consist 
merely of 3, 4 or 5 enlarged and showy 
sepals. The selection of this feature by 
gardeners has resulted in the completely 
sterile large single or double clusters of 
flowers of the favorite cultivated forms. 

The geological history of Hydrangea 
is very imperfectly known, but it is of 
much interest to find its large sterile 4 
or 5 sepaled flowers preserved as fossils 
in the Miocene of Washington, Oregon 
and Colorado—showing thus early the 
natural tendency toward the production 
of sterile flowers, and furnishing an- 
other link between the existing floras of 
eastern America and eastern Asia. 

Outside the range of the eastern per- 
simmon, associated with the possum in 
southeastern North America, I doubt if 
Americans have any concept of persim- 
mons other than that of the large fruited 
cultivated form introduced from eastern 
Asia. The persimmon belongs to a large 
and mostly tropical group which fur- 
nishes the ebony wood of commerce, and 
it has been a native of North America 
since Upper Cretaceous time. As late 
in the Tertiary as the Miocene it has 
been found in the west in Washington, 
Oregon, California, Yellowstone Park, 
Colorado and Oklahoma, and the fossil 
leaves are frequently associated with th 
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characteristic large cruciform calices 
which subtend the soft and perishable 
fruits. 

Among the western Miocene trees the 
tulip tree and sassafras are in a class 
by themselves since they are certainly 
known at only a single locality in Wash- 
ington in beds of this age. Both have 
a history going back to the Mid-Creta- 
ceous; both were long thought to sur- 
vive as single species in southeastern 
North America; and both have been 
discovered in recent years in the forests 
of central China. Both were abundant 
and varied in the west during Upper 
Cretaceous, and both are wanting or 
sparingly represented in that region in 
Tertiary deposits. Both have now been 
found in the Miocene around Spokane, 
Washington, and will undoubtedly be 
discovered in other Miocene deposits in 
the West, since they were evidently mem- 
bers of the Tertiary holarctic flora, hav- 


ing long been known from Europe and 
Asia in beds of that age. 
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We have now glimpsed the changes 
which time has wrought in the distri} 
tion of our forests, and have sensed 
hoary antiquity of most of our familia; 
tree genera. It has been shown th 
western America, with its mostly uniqu: 
existing flora, was once a link in 
chain of mesophytic forests wh 
girdled the earth before the days 
the Pleistocene glaciers, the cave mar 
and the existing mountain chains. Wy; 


to and fro across the land bridge con. 
necting Siberia and Alaska when this 
was emerged and the climate permitted 

It is hoped that this brief sketch wil! 
interest a wider circle in the marvellou 
history of the earth and its inhabitants, 
and will reawaken in modern man that 
veneration which early man rendered t 
the trees as the abode of spirits—which 
is indeed true—for they still harbor th: 
spirits of the past, and that inspiration 
which attaches to the living survivors of 
an ancient and noble race. 
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CLIMATIC FEATURES OF YELLOWSTONE 
NATIONAL PARK 


By EDGAR H. FLETCHER 
WEATHER BUREAU OFFICE, YELLOWSTONE PARK, WYO. 


THE nature of the many inquiries on 
the part of the ever-increasing throngs 
of tourists that annually visit Yellow- 
stone National Park would indicate that 
the weather and climate of this unique 
region is not well understood. The object 
of this article is to set forth some of the 
salient climatic and allied physical fea- 
tures peculiar to this vast wonderland 
that has been set apart ‘‘for the benefit 
and enjoyment of the people.’’ 

The Weather Bureau Observatory, 
erected in 1903, is situated on a built-up 
section of extinct hot springs formation 
on a northeast mountain slope at Mam- 
moth Hot Springs within the park, five 
miles south of the northern entrance at 
Gardiner, Mont. At this place are lo- 
cated the local and field headquarters of 
the National Park Service; also the Yel- 
lowstone Park, Wyo., post office. The 
elevation here is 6,241 feet above sea- 
level ; latitude 44° 58’ N., longitude 110° 
42’ W. The general character of the 
vicinity is mountainous, with elevations 


reaching to 8,000 and 9,000 feet within a 
comparatively short distance. 

From the northern entrance near the 
mouth of the Gardiner River canyon, 
past Mammoth Hot Springs through 
Golden Gate canyon to the main plateau- 
level of the park, the elevation rises from 
0,300 feet to 7,500 feet in a distance of 
less than ten miles. This may be seen 
from Figure 1, which is a north-south 
profile of the whole park region, ineclud- 
ing the Teton Mountains and Jackson 
Hole section. 

Yellowstone National Park at present 
comprises an area of 3,348 square miles 
or about the combined size of Delaware 
and Rhode Island, and contains more 
spectacular hot-water phenomena, in the 
form of active geysers and hot springs, 
than all the rest of the world combined, 
besides being the world’s greatest wild 
animal preserve. Its great central pla- 
teau has an average elevation of approx- 
imately 8,000 feet, surrounded by moun- 
tains whose peaks rise to from 10,000 to 
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11,000 feet, embracing a section of the 
main ranges of the Rocky Mountains. 
The whole region is built up of material 
once ejected from fur beneath the sur- 
face by volcanic activity. 

Within the central valleys are located 
several lakes, the largest of which is 
Lake Yellowstone, with an area of 139 
square miles, thé second largest body of 
water at its elevation in the world. The 
Yellowstone River is the outlet of this 
lake, and its placid waters a few miles 
north plunge over gigantic waterfalls 
into a canyon of indescribable grandeur 
and magnitude. 

However, this is characteristic of all 
streams flowing out of this elevated re- 
gion several thousand feet higher than 
the surrounding country. A series of 
cascades or cataracts is formed where 


the water flows over the edges of th 
igneous rocks. Some of the larger rivers, 
as the Yellowstone and Gardiner, have 
cut deep chasms or canyons far back into 
the lava beds within the park, thus pro- 
ducing high waterfalls and steep cas- 
cades almost within the heart of this 
region. 

The Continental Divide, traversing th 
southwestern section, sheds the waters 0! 
the park to both the Atlantie and Pacifi 
Ocean. Three large rivers, the Snake 
flowing westward to the Columbia, and 
the Madison and the Yellowstone flow- 
ing northward to the Missouri, have 
their head waters in this region, which 
has aptly been termed the ‘‘top of the 
world.’’ 

Authentic weather records date back 
to 1887, the early record of temperatur 
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and precipitation having been made un- 
der the direction of the army surgeon 
stationed at what was then known as 
Fort Yellowstone. Subsequent to 1903, 
a fully equipped meteorological station 
has been in operation, and continuous 
autographie records are made of tem- 
perature, rainfall, wind direction, wind 
movement, sunshine and _ barometric 
pressure. The anemometer, wind vane 
and electrical sunshine recorder are 
located on the roof of the two-story 
Weather Bureau building, which is sur- 
rounded by an open lawn of one acre. 
The thermometer shelter, tipping-bucket 
rain-gage and Marvin shielded rain-and- 
snow-gage are located over sod ground 
on rear of the reservation. 

In cooperation with the National Park 
Service, records of temperature and pre- 
cipitation have been made at twelve 
ranger stations at different points in the 
park, 

The chief characteristics of the climate 
are the short, cool summers, the long, 
rigorous winters with a tendency to 
linger late in the spring, and the usually 
pleasant, open falls. The severity of the 
winters is not due so much to prolonged 
periods of extremely low temperatures, 
but rather to the persistence of compara- 
tively low temperatures and much 
cloudy, unsettled weather with frequent 
light snows. 

The occasional severe cold waves that 
oceur do not continue for more than two 
or three days without some moderation 
in temperature. An exception to this 
rule was in the unprecedented cold wave 
of December, 1924, when the minimum 
temperature at the Weather Bureau sta- 
tion did not rise above 26° below zero 
for five consecutive days, and above 12° 
below zero for ten days. 

Frost or freezing temperature occurs 
frequently at the higher levels, even in 
the summer months. A lack of knowl- 
edge of this fact is sometimes surprising, 
if not a little unpleasant, to the unpre- 
pared tourist coming from the hot 
weather prevailing at lower altitudes. 
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Except for slightly greater extremes, 
the temperature conditions over the main 
park plateau for the midsummer season 
compare closely with those of the mid- 
winter months at Yuma, Ariz., and ap- 
proximately with the early May temper- 
atures at lower-altitude stations in the 
same general latitude. 
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The morch of monthly overages of Femperafure ot 
Mommeth tot Springs, Yellowstone Fork, Wyo 
FIG. 3 


The highest temperature ever recorded 
in the park was 97°. The record for the 
past 25 years shows that the temperature 
at the Weather Bureau station reaches 
90° only.once in about each ten years, 
but less frequently at places of higher 
altitudes. 

The lowest temperature ever recorded 
was 59° below zero at Riverside ranger 
station near the western entrance, De- 
cember 19, 1924. The 40-year absolute 
minimum temperature at the Weather 
Bureau station is 41° below zero, which 
occurred January 14, 1888. On an aver- 
age, the minimum reaches 30° below 
zero only once in about each decade at 
the latter station, while occurrences of 
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from 15° below to 20° below zero are to 
be expected almost every winter, and 
the average number of days annually 
with temperature of zero or below is 24. 

But it must be remembered that much 
of the main region of the park lies above 
the 7,500-foot level, where a marked in- 
crease in the degree of severity of the 
winter climate prevails, as compared 
with the record at Mammoth Hot 
Springs. However, it may be stated that 
the effect of subzero weather seems to 
be somewhat ameliorated in this dry 
atmosphere. 

The daily range in temperature in 
summer is quite marked, the temperature 
often ranging from 35° or 40° during 
the night to 75° or 80° in the afternoon. 
The summer and early fall seasons are 
especially delightful and invigorating, 


having an ample supply of sunshine w 
der favorable temperature conditi: 
There being less scattering and absor 
tion of the solar rays at this altitude | 
reason of the purity and dryness of 
air, the sunshine is very intense and ex- 
hilarating. This accounts for the 
markable growth of native grasses and 
wild flowers during the extremely shor 
growing season. 

No agricultural pursuits are carried 
on within the park except that necessar’ 
to provide hay for the winter sustenan« 
of the large buffalo herd, and to a !i 
ited extent that of the elk and other a! 
mals when natural forage is inadequa' 
or buried beneath unusually deep : 
crusted snow. 

A wide variety of animal and plant 
life peculiar to the different temperatur 
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zones formed by the variation in alti- 
tude is found within the park, represent- 
ing in latitude the region from the tem- 
perate to the frigid floral and faunal 
realms; but in the park the distribution 
depends upon altitude instead of lati- 
tude. This range of animal and plant 
forms may be illustrated by the bird- 
life. Such extreme forms as grebes, 
pelicans and thrushes show the wide 
range in classification; while the pres- 
ence of humming-birds, the lazuli bunt- 
ing, rosy finches and the Barrov. golden- 
eye duck indicate the vast geographical 
range represented. 

The normal annual precipitation in- 
creases from slightly less than 15 inches 
near the northern boundary to about 31 
inches at Snake River on the southern 
border. The region is semiarid; and 
while precipitation is well distributed 
throughout the year, the winter and 
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spring months receive slightly heavier 
amounts. Cloudy days with continuous 
rain are of rare occurrence at any sea- 
son, but summer thunderstorms occur 
frequently, though usually mild in char- 
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acter and often accompanied by light 
hail. 

The total annual 
Weather Bureau station is about 100 
inches for the average season. Wide 
variations from this normal occur, how- 
ever, ranging during the past 40 years 
from a maximum of 210 inches in 1890 to 
a minimum of 20 inches in 1915. On 
account of the low absolute moisture con- 
tent of the air the average daily snow- 
fall, except for an occasional storm at 
infrequent intervals, is extremely light, 
but it is of frequent and almost daily 
occurrence during much of the cold 
season. 

The greatness of the total annual 
depth is chiefly accounted for by reason 
of the fact that very little melting oc- 
eurs until spring. There is nevertheless 


snowfall at the 


considerable settling of the snow eaus 
by days of comparatively mild temp: 
tures, by an occasional, but not 
marked, ‘‘chinook’’ condition, or 
evaporation into the thin air prevaili 
at this altitude. 

Snow in material depths does not 1 
mally accumulate at Mammoth H 
Springs until midwinter or past, 
the highway from there to the north 
entrance at Gardiner, Mont., is open { 
travel during the entire year. The a 
age depth of snow on the ground at 1 
end of February for a period of 
years at the Weather Bureau stati 
12.6 inches, while the greatest depth « 
recorded is 35.6 inches in March, 1917 

In general the region of greatest sn 
fall is in the southern third of the ; 
where the average annual accumulat 
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is slightly more than 200 inches, and 
depths of upward of 100 inches on the 
ground are measured in the early spring. 
In years of abnormal snowfall, depths in 
excess of 15 feet accumulated on portions 
of the higher divides. This method of 
nature in storing moisture high up on 
the watersheds to be melted in the late 
spring or early summer, is of great eco- 
nomic value to the park as well as to re- 
gions at lower levels that depend upon 
its waters. 

A season of unusually light snowfall 
has quite an adverse effect upon the 
park, as the proper display of many of 
the natural wonders crowded into this 
region depends upon soil moisture and 
stream-flow. The geysers and hot springs 
are more active with a plentiful supply 
of water. Snow in quantities that insure 
late melting not only contributes to the 
growth of an adequate supply of natural 


forage for the large herds of wild ani- 
mals, but it materially minimizes the 
park’s greatest menace—the fire hazard 
in summer. 

Contrary to a popular belief, the 
weather at this place in winter, with its 
disagreeable features of cold, snow, wind 
and storm, is not without its economic 
importance ; on the contrary, the country 
thrives because of it. Even the ‘‘ill 
wind”’ serves a useful purpose in drift- 
ing and piling the snow into deep de- 
pressions and canyons, and thus retard- 
ing its melting until late in the season. 
These large bodies of compact snow in 
sheltered places act as natural reservoirs 
to conserve the water supply, and to 
diminish destructive floods, which are 
sure to occur with the rapid melting of 
blanket snow. 

While the wind movement is fairly 
active, velocities beyond forty miles per 
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Jeasana! anawtel! ot Mammoth tot Springs This is due to the offsetting influenc: 
oe eas 9 thermal springs and warm, open streams 
Thus it happens that one may have t 
hour do not often occur, except over the weird experience of flushing Wilso 
more elevated and open stretches. Situ- snipe amid the snow and in the extrem 
ated to the southward of the main Al- cold of January, for the snipe remain 
berta and North Pacific storm tracks, winter along the steaming overflow 
and at an elevation to be least affected streams that carry off the water fr 
by the deflecting influences of the sur- Mammoth Hot Springs. Several other 
rounding topography, the prevailing species of birds, which are ordinarily 
winds are from the south and southwest only summer residents in similar lati- 
for every month of the year. Northerly tudes, remain along the open streams : 
or westerly winds occur only for brief winter. 
periods at rather infrequent intervals, Figures 3, 6, 9 and 10 show graphi 
and usually are accompaniments of cold cally the monthly values of temperatur 
waves in winter. No damaging storms precipitation, humidity, sunshine and 
have been recorded. wind as recorded at the Weather Bu- 
Fogs rarely occur, except in the vicin- reau station, Mammoth Hot Springs, 
ity of the larger lakes and in the geyser while Figures 2, 4, 5, 7 and 8 show an- 
basins during the colder season of the nual averages and extremes for the en- 
year. tire park, as determined from the records 
The hot springs and geysers do not of the 13 stations where weather obser- 
affect the weather at any appreciable vations have been made. 
distance from their location. However, Owing to sharp differences in eleva- 
local condensation in fog-like form is tion within short limits, the climat 
quite marked in the main thermal re-_ varies considerably with location. There- 
gions in winter. fore, it should be remembered that wide 
In a few remarkable instances the gen- deviations from the charted values may 
eral severity of winter conditions fails to exist in the more elevated regions wher 
have its usual effect upon the fauna. no records have been kept. 
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RESEARCH WORK IN AGRICULTURE’ 


By President R. W. THATCHER 


MASSACHUSETTS AGRICULTURAL COLLEGE 


TuerRE have been three major influ- 
ences operating to determine the char- 
acter of the research in agriculture 
conducted by the Federal Department 
of Agriculture and the state experiment 
stations, three specific influences aside 
from the historical development of these 
institutions. Perhaps before I mention 
these three particular agencies I ought 
to say that historically the state experi- 
ment stations and, almost to an equal 
degree, the United States Department of 
Agriculture were originally intended to 
be referee or umpire institutions, to in- 
sure that purchasers of commodities to 
be used in agriculture were protected 
against fraud. 

First of all, there is the influence of 
legislation or legal enactment. The orig- 
inal Hatch Act of 1887 provided for the 
establishment of state agricultural ex- 
periment stations, as follows: 


That it shall be the object and duty of said 
experiment stations to conduct original re- 
searches or verify experiments on the physiol- 
ogy of plants and animals; the disease to which 
they are severally subject, with the remedies 
for the same; the chemical composition of 
useful plants at their different stages of 
growth; the comparative advantages of rota- 
tive cropping as pursued under a varying 
series of crops; the capacity of new plants or 
trees for acclimation; the analysis of soils and 
water; the chemical composition of manures, 
natural or artificial, with experiments designed 
to test their comparative effects on crops of 
different kinds; the adaptation and value of 
grasses and forage plants; the composition and 
digestibility of the different kinds of food for 
domestic animals; the scientific and economic 
questions involved in the production of butter 
and cheese; and such other researches or ex- 
periments bearing directly on the agricultural 


‘Prepared when the author was director of 
the New York State Agricultural Experiment 


) Station, Geneva, N. Y. 


industry of the United States as may in each 
ease be deemed advisable, having due regard to 
the varying conditions and needs of the respec- 
tive States or Territories. 


Obviously the intention of the original 
Act was to provide for the study of 
problems in connection with the produe- 
tion of food and other types of material 
on American farms and the American 
farming industry was regarded as a pro- 
duction industry. 

The second great federal enabling act, 
namely the Adams Act of 1906, pro- 
vided for more adequate support for 
these institutions but did not modify in 
any way their purpose. The rulings of 


the Office of Experiment Stations with 


reference to expenditure of funds made 
available under the Adams Act were 
that they should be applied rather nar- 
rowly to fundamental researches rather 
than to more casual investigational work. 
The Adams Act had the effect of giving 
a higher and more definite conception to 
the term ‘‘research’’ than had grown up 
under the original Hatch Act. 

Two years ago the third great federal 
enactment for the support of agricul- 
ture, namely the Purnell Act, was passed 
by Congress. This act did contribute a 
new aspect to the field of agricultural 
research, namely, that while it specified 
in particular that the funds made avail- 
able under it might be used in extending 
and developing lines of research origi- 
nated under the Hatch Act, the new 
funds might be used also for the study of 
problems arising in the distribution, mar- 
keting and consumption of agricultural 
products and of problems of rural sociol- 
ogy and economics. Hence, from the 
legal standpoint there is recognized the 
right of these institutions to undertake 
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research in any aspects of the various 
fields of country life; that is, in the pro- 
duction of products, marketing, con- 
sumption in the home, in the social life 
of rural homes, and in the home-making 
problems in individual homes in rural 
communities. Legally, there has been 
set a certain wide boundary in the fields 
of investigation in which these institu- 
tions may engage. 

The second large influence in deter- 
mining the type of research work which 
has been undertaken at these institutions 
has been the personnel of the research 
staffs and their preliminary training. 
In the early days of these research agen- 
cies, both in the United States Depart- 
ment of Agriculture and in the state 
experiment stations, the scientific staffs 
were drawn almost exclusively from the 
faculties of universities. They were, 
therefore, men who had grown up in the 
educational and research atmosphere of 
the so-called basic sciences. The staff in 
the early days may have had a horticul- 
turist and agriculturist on its roll of 
titles, but much more commonly the men 
were classified as botanists, chemists, 
physicists, astronomers and other funda- 
mental scientific investigators. Also, 
men who were given the title of horticul- 
turist or animal husbandman were by 
reason of their previous training univer- 
sity men, trained in fundamental science, 
and not trained particularly in the appli- 
cation of that science to the industry rep- 
resented by their particular title. Thus, 
these research agencies have had im- 
pressed upon them from the beginning 
the conception of the type of problem and 
method of attack which comes from uni- 
versity training in science, a most for- 
tunate experience, I think, because it is 
necessary to the proper application of 
research to agriculture and home mak- 
ing. 

The third influence which has come 
into bearing more recently in the life 
of these institutions is what might be 


called the response to pressure 
farmers and home makers themsel 
certain types of study, that pr 
coming now principally through w) 
called the extension service of thes 
stitutions. This whole system has gr 
at an enormous rate, carrying inst) 
tion off the campus to people in 
homes. The extension service being t 
third and latest group is now the | 


of liaison between resident teaching and 


research and men and women wi] 
actually practising the art of agricult 


and home making on their own farms 
Through the extension service there is a 


constant pressure for the solution of 
tain problems which arise in the 
or on the farm and with which ther 
now a definite point of contact thr 
that service. 

The agricultural research institut 
themselves are conscious of those thr 


influences—first, the legal; second, the 


personnel or training of staff; and thir 


the extension influence in determining 


the type of problem and method of 
tack which it is important for these inst 
tutions to undertake. Of the three, t! 
second is undoubtedly the most 


reaching in its influence, because of the 
fact that while these institutions ar 


organizations and have their own met 


ods of administration, after all they ar 
groups of individuals of strong and out 


standing characteristics in the field 
science. At least, we hope they ar 


And it would be impossible, even if de- 


sirable, to suppress the influence of th 
strong individuals and of their previo 


training and experience in fields 


ese 


s 


science in its effect upon the programs 


of the institutions. 


In the second place, it is well to recog: 


, 


nize at the outset that these institutions 


supported with public funds are not | 


ganized to do for farms and home makers 


the things that can just as well be 
by the farmers and home makers 
themselves, and perhaps be done bett 
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- themselves and for themselves. In 
cher words, we ought to recognize, and 
| think we do recognize, that these are 
not institutions of practice or of the art 
f agriculture or the art of home mak- 
The members of the staff are not 
selected because of their skill in the 
handicraft of food production. Many 
of them are better prepared for the ser- 
vice they are to render if they do have 
the skill and experience required by liv- 
ing in the country and on the farm, but 
primarily they should be selected, in my 
judgment, by reason of their scientific 
training and experience in order that 
they may bring to the problems of 
research the method of research. The 
method of research is scientifically ac- 
quired and is not usually acquired 
merely by experience. There are a few 
geniuses in research who have not been 
trained in its method, but most research- 
ers are researchers because they have 
had long, painful, careful training in 
the method of research study. Hence, 
members of research staffs are primarily 
chosen by reason of their having ac- 
quired this technique. It is that type of 
service which the institutions of agricul- 
tural research ought properly to render 
to the commonwealth, to the state and 
to the nation. It would be a prostitu- 
tion of their best function to say that 
they are rendering any other type of 
service, as I see it. I am still a firm 
believer that we must choose our staff of 
research men in an agricultural experi- 
ment station on the basis of their know]l- 
edge, ability and skill in the field of some 
science. 

Of course, there is growing up a group 
of problems in the application of science 
to the art of agriculture and in the art 
of home making in which the definite 


scientific principle is not always so 


clearly to be recognized. We do have 
certain men and women who may be on 
our staffs because of their ability to in- 


: terpret in terms of actual operation the 


scientific principle on which that opera- 
tion is safely based; but, generally 
speaking, the research field 
itself with the principle rather than with 
its specific application. 


concerns 


Some of my illustrious predecessors 
have said that it is not the function of 
the experiment station to teach the 
farmer how to farm, but rather to teach 
him how to think. I do not agree with 
them. I assume that research men have 
to do a lot of thinking and to use the 
knowledge and skill that is acquired by 
mental activity in a solution of the prob- 
lem. I do think that the idea which I 
have just expressed has some basic foun- 
dation of fact in it. It is not the object 
of scientific research to produce rules of 
thumb to guide farmers and makers of 
homes, but it is rather to establish the 
scientific principles and the sound scien- 
tifie facts upon which a successful system 
of operation for an individual farm or 
home may be established. That theory 
has grown up through fifty years of ex- 
perience. 

The experiment stations and the 
United States Department of Agricul- 
ture are being called upon to extend 
their research into the fields of economics 
and sociology. Here great confusion 
has arisen, because obviously the meth- 
ods of research study are different when 
one deals with the physical problems of 
the universe from those encountered 
when one deals with the effects of per- 
sonality and of social groups and social 
organizations upon existing situations. 
So it is still an open question whether 
the technique to be employed in these 
research agencies which have developed 
on the basis of the physical and biolog- 
ical sciences can be successfully carried 
over into the study of economic and 
social problems. At least at the outset 
there is great difficulty in employing the 
experimental method in the study of 
economic and social problems, yet we are 
being charged with the duty of investi- 
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gating economic and social problems at being carefully considered by thos 
these institutions in so far as they affect gaged upon it. 

the agriculture and rural life of the In conclusion, may I say just a 
country. Hence, the time has come when or two with relation to the possible | 
it should be realized that while there has ordination of research in the state agri. 
cultural experiment stations with ot! 
research agencies within the states a; 
the nation. I think there has been les 
confusion in both the national and stat 
affairs in the fields of research in ag 
culture than in other fields by reasor 
the fact that since the days following t 
Civil War a definite institution for agri- 
cultural research has been recognized 
each one of the states. To be sure, ot! 
state agencies do undertake in some c 
types of research which have an ap; 
tion to agriculture. In some states 1 
state departments of agriculture | 
attempted to perform certain resi 
functions; but, in general, by acceptar 
of the dictum of the commissioners 
agriculture, it has been agreed that t! 


grown up a very definite technique and a 
very definite field in the application of 
research to agriculture, the development 
is not yet complete because there are new 
aspects to the whole series of problems 
with which we are now confronted. 

As bearing upon the question of state 
responsibility for research in these newer 
fields, I think we can safely say that we 
ought to capitalize the confidence which 
the people of the nation have in their 
unbiased research agencies for agricul- 
ture by extending the fields of the activi- 
ties of these institutions into newer lines 
of economic and social study of rural 
problems; that we ought to guard with 
the utmost care the basis upon which 


; aia siden . 
that confidence has grown, namely, the tate departments are executive, admi! 


giving of the results of research in such trative or regulatory in function a1 
sound, unbiased, unpolitical form that hat research belongs not to them but t 
they can be accepted with confidence as_ the agricultural experiment station. I: 
the basis for sound rural life and rural ome states certain work in the forest! 
procedure. I think that this responsibil- eommissions, however, has a close re! 
ity is recognized by administrators in : ori e. particularly wher 
the United States Department of Agri- in ye en ee use shal 
culture and in the experiment stations made of land. In some states. the 
and that an effort is being made to carry servation commission has some relat 
over into these new studies the same to the agricultural policy, particule 
attitude of mind and, so far as may be when it concerns itself with utilizat 
possible, the same technique of experi- of land or other agricultural potent 
mental investigation that has been so suc-_ ties. But in general there has beet 
cessful in the last half century in the pretty clear line of demarcation, s 
field of agricultural production. But _ it may be said that the field and funct 
there is to be recognized, to be sure, a of these research agencies in agricul!t 
new field of technique, which must have in the several states are quite cli 
time to work itself out and which is_ defined. 
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TROPICAL LIFE AS A FACTOR IN HUMAN 
EVOLUTION 


By Professor RALPH E. DANFORTH 


CHESTERFIELD, MASSACHUSETTS 


TROPICAL and subtropical conditions 
have played a larger role in the early 
eareer Of humanity than the masses to- 
day imagine and are pretty sure to 
play a great part in the future evolution 
of man. 

A stupid notion that clings with sur- 
prising tenacity, in spite of much that 
has been written by travelers to the con- 
trary, is the idea that tropical conditions 
lead to indolence and degeneration in 
man. Many of the very people who turn 
with awe to the early and venerable 
civilizations on the Nile, the Euphrates 
and Tigris may be inconsistent enough 
to say in the next breath that man de- 
generates in the warm countries. 

At the present time thousands of 
families in Hawaii, in Australia, India 
and many other parts of the tropical 
world are living not only healthy but 
active, alert, productive lives, as efficient, 
if not more efficient, than they would live 
in cold regions. The benign living con- 
ditions of the warm regions, however, 
permit those who are hereditarily in- 
dolent, ignorant or even vicious to live 
and to multiply who would be killed by 
the inclemencies and extreme, sudden 
changes of so-called temperate regions. 

There are some fever-stricken stretches 
of scorching sand, dotted with palms, 
like the prevalent popular conception of 
tropics, but the prevailing types of trees 
in the tropical world are not palms but 
broad-leaved trees, of infinite variety, in 
general aspect somewhat like those of 
the north, while the scenery may be as 
diverse, rugged, picturesque and inspir- 
ing as any this world affords. The tem- 


perature varies, with altitude, from 
perpetual summer, through perpetual 
spring to perpetual winter in the trop- 
ies. Also there are regions perpetually 
dry and regions perpetually wet, regions 
dry half the year and wet the other half, 
regions with any conceivable combina- 
tion of dryness or wetness one might 
seek. In western tropical America one 
ean get plenty of change of scene and 
of climate in a short trip by auto, but 
few changes come to him in any single 
spot. Far different is the picture in the 
average man’s mind when he slurringly 
speaks of the tropics. 

It was under genial conditions that 
the earliest great civilizations developed 
through thousands of years of change in 
man’s mental makeup and culture, affect- 
ing his physical habits at the same time. 

Many millenniums before civilization 
man hunted and fished and gathered 
wild fruits, roots and nuts in regions 
adapted to his unclothed, sensitive body, 
so ill-adapted to extremes of tempera- 
ture. Man’s physical requirements are 
undoubtedly for a very mild and genial 
climate, and wherever, as in the temper- 
ate and arctic zones, we find him ad- 
justed to very different conditions, it is 
by artifice, gradually acquired, that he 
has contrived to make it possible for his 
warmth-loving body to live in health, 
although the time elapsed has been far 
from sufficient to permit the body to 
physically adapt itself to the rigorous 
climates without artifice. 

The artificial heat and the elaborate 
protection which we require are greatly 
favored by the generous stores of min- 
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eral fuel. As population increases, and 
coal and oil supplies diminish, and the 
near water-powers are fully developed, 
there will still be an increasing demand 
for fuel. This fuel will have to be 
grown. Vegetable fuel and food are 
stored-up solar energy, and can, there- 
fore, be grown fastest and most cheaply 
where there is the most sunshine, namely 
in the tropics. Here timbers of all de- 
grees of softness and hardness grow with 
much greater speed than corresponding 
timber would in the north. 

Increasing supplies of food and fuel 
and lumber will find their way from the 
tropics northward and southward into 
the cooler regions in future. Increasing 
numbers of folk with good heredity will 
probably colonize the pleasanter regions 
of the tropics, at moderate altitudes. 
There they will not need fuel except for 
cooking or manufacturing. There they 
will not need to store forage for their 


livestock, but they will have fuel and 
food and forage right at hand, and may 
produce it rapidly and for an indefinite 
length of time. 

Roses and jasmine may be grown in 
abundance, all around one’s home, the 
most fragrant varieties and the most 


beautiful being selected of course. 
Lilies, heliotrope, gardenia—and many 
other flowers of beauty and fragrance 
may be massed in the gardens. For 
its marvelous perfume an ylang-ylang 
tree (Canangium odoratum) should be 
planted, while against some support the 
false ylang-ylang, a semi-climbing shrub 
with fragrant yellow flowers, may be 
grown. The allamanda, with its huge 
eups of brilliant gold, will brighten its 
environment throughout the year. 

Birds and butterflies will cheer the 
heart with their sprightly beauty each 
day. Verdure and life and growth go 
on about one all the time. The short- 
ening days do not shorten enough to 
bring the touch of melancholy. 
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The open-air life is lived all the tim; 
for even when busied in a building ; 
large and numerous windows and d 
are always open. Streets and roads: 
be dusty, but one may locate somey 
above and away from these. The | 
fresh air may be had always by 
who plan aright and seek it. 

Ultra-violet rays, so healing ar 
vigor-conserving, abound in the gener 
sunshine of the tropic regions, and n 
not be lost in window glass. Und 
edly much of the unsanitary neglec 
ignorance of many natives is in pa 
compensated for by the health-giving 
sunshine and open air. There is no ne 
to shut one’s self in for the long winter 
months, nor to clothe one’s self heavi 

Fresh fruit, just picked from 
trees, is always in season—if not 
variety, then another, always 
choice of several, throughout the 5 
and green vegetables from the gardens 

Dairy cows and poultry may have t 
vitamin-producing rays of the sunlig 
and hence keep their milk and 
eggs in the most serviceable state throug 
the entire year. Experiment has show 
that in northern winters eggs and n 
may be deficient in vitamin D. E 
the milk of nursing mothers has b 
shown to lack this essential when 
mothers spend most of their time ind 

Human evolution in the present and 
the future may be affected by life in t 
tropics, therefore, by increased esthe' 
pleasure from sights and sounds abound 
ing in life, beauty and sparkle; by 
ereased health and comfort; by tim 
money and energy saved from fighting 
winter, and from costly preparations for 
winter, and so set free for construct! 
work aimed toward real and lasting 
progress; by an environment which ¢a! 
be made into a more ideal one than would 
be physically possible to north or sout! 
of the tropics. 
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SOCIOLOGY AS SCIENCE 


By Professor FRANKLIN H. GIDDINGS 
COLUMBIA UNIVERSITY 


SocloLoGy is a contemplation of our 
most awesome folkway, namely, our habit 
of trying out en masse, solemnly and 
ceremonially all possible ways of going 
wrong before going right. The contem- 
plation is an esoteric amusement and 
potentially a science. 

The definition is derived, by a trans- 
position of clauses, from Herbert Spen- 
cer, who was only talking, and not try- 
ing to define anything. 

Science has had a hard time since it 
arrived at cogito ergo sum, and is not 
yet done with trouble. It not only con- 
tends with hostile ignorance, it also 
fends against mischief set going by cer- 
tain of its own devotees, who play ‘‘off 
side’’ for their own purposes. The sci- 
ences of mankind in particular are dis- 
eredited by obfuscative originality. So- 
clology as a would-be science of society 
has been held back a full generation by 
sociologists who have not heeded Comte’s 
warning against meiaphysics and the 
revolutionary impulse. Many of their 
philosophical disquisitions and uplift 
stories have been valuable, but they have 
not been science. 

In so far as a science is a distinct part 
of science viewed as an indivisible whole 
it has become such by concentrating in- 
quiry and perfecting a technical method. 
Because of the distinctiveness of facts 
upon which it can wisely direct inquiry, 
and of a method which it can effee- 
tively use, sociology can be more than 
an assembling and ordering of checked 
observations—an achievement not to be 
despised, but it can not become like chem- 
istry or like astronomy a prediction of 
certainties. It can become a forecast 


and a measurement of probabilities (in- 
cluding contingencies of kind and corre- 
lations of size) in the field of 
human relations which constitute normal 
society, 1.e., society made up of the most 
frequently recurring combinations of so- 
cietal components and attributes. 

Our daily behavior is adjusted more 
to probability than to certainty. In the 


those 


morning we note the weather prediction 
‘* probably 


‘‘probably showers,’’ or 
fair.’’ We go to the railroad station to 
take a train that probably will arrive as 
scheduled, and convey us to our destina- 
tion in time for appointments made as 
a ‘‘safe bet.’’ The insurance companies 
sell us policies based on a calculated 
‘‘expectation’’ of this or that. The 
things that we do with one another, 
against one another and for one another, 
and the relationships that we enter into, 
from marriage to trusteeship or politics, 
are contingencies which can be predicted 
for populations and social classes within 
ascertainable limits of error. How or- 
ganized society of known composition 
and pattern will carry on in given cir- 
cumstances is never a matter knowable 
to a certainty, nor wholly unknowable. 
It is knowable as a probability, expressed 
as a percentage of certainty, symbolized 
by unity. The sociologist can determine 
limits of variability and trends of 
change in society with closer approxima- 
tion to truth than hit-or-miss popular 
thinking can, or than legislators do. 
Frequency distributions of a large 
number of interesting and important 
facts about human beings have been 
worked out, and others will be. Of those 
which particularly concern the student 
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of society, distributions of the phenom- 
ena of population have so far received 
chief attention, and, starting from them, 
progress has been made in determining 
a considerable number of important 
probabilities. Among these latter are 
the probability, positive or negative, that 
inter-continental, intra-continental and 
intra-regional migrations will reach a 
maximum extent and then diminish; the 
probability that population growth be- 
yond a certain maximum speed will slow 
down; the prooability that the concen- 
tration of population in urban areas will 
not continue at its present rate; the 
probability that the ethnic heterogeneity 
of modern populations consequent upon 
inter-continental migrations will not 
greatly increase from now on. 
Distributions of population according 
to mobility, density and composition 
affect human attitudes, behavior, rela- 
tionships, undertakings and _ achieve- 
ments. Therefore probabilities (positive 
and negative) which vitally interest us 
are contingent upon these distributions, 
and now and then are closely correlated 
with them. Among such are the follow- 
ing: the probability that wars will 
diminish in frequency and destructive- 
ness ; the probability that violence, trucu- 
lence, intolerance, bullying and lesser 
meddling will diminish; the probability 
that knowledge will become effectively 
ascendent over credulity and zealotry ; 
the probability that the organization of 
society and the administration of insti- 
tutions will become less rigid, less 
clumsy, and more adaptable to variant 
conditions; the probability that control 
by society over its members will become 
less coercive and more discriminating; 
the probability that human communities 
will escape the fate of such communistic 
insects as ants and bees, among whom 
‘‘workers’’ (a majority of all individ- 
uls) are standardized defectives; the 
probability that human individuals will 
become more highly individualized and 
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individually more _ responsible 
word, more truly personal. 

Not many of these probabilities 
be determined by statistical ass 
along extended fronts. Most of 
await an accumulation of painsta 


minor studies into which big researe 


must be resolved. Recent examples 


this procedure which come to mind are 


Woofter’s study of the correlations 
negro migration with economic, | 


eal and educational changes; and Stuart 


A. Rice’s studies of significant corr 


tions of political with more basic s 
phenomena in the Non-Partisan Li 
area of the Northwest.’ 

By technical method (an appli 


of the logic and calculus of probabilit 


and by concentration of inquiry 
the variabilities and the trends, the nor 


mal constitution and the normal 
tioning of human society, sociology 
marked off in a broad way but not 





detachment from other studies of humar 


relations, namely, history, econon 
public law and polities as the theory 
the state. 


History has a technique of criticis! 
and economies a technique of evalu 
tion. Public law and the science of ¢! 


state have a technique which consists 


r 


an application of the tradition and pri: 


ciples of judicial interpretation. 


All these studies give chief attention 
to human doings and relationships that 


have been radically and extensiv 


conditioned by obedience-demanding gov- 


ernments, which have commanded, pro- 
FE , 


hibited, ordained, and instituted. 
example, the commercial activities 
relations which interest the econor 


1A challenging possibility, however, is 


tributed in ‘‘The Biology of Populat 


. = 
) 


Growth’’ Raymond Pearl, Baltimore, 


and ‘*The Natural Increase of Mankind, 


J. Shirley Sweeney, Baltimore, 1926. 


2‘*Negro Migration,’’ Thomas Jacksor 


Woofter, New York, 1920; ‘‘ Farmers 
Workers in American Politics,’’ Stuart 
Rice, New York, 1924. 
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SOCIOLOGY AS SCIENCE 


have been radically and prevailingly 
conditioned by the institution of prop- 
erty and the law of contract. History 
no longer ignores the pre-political chap- 
ters of human experience, but it con- 
tinues to occupy itself chiefly, and per- 
haps always will, with events in which 
covernments have played a major part. 
Public law and the theory of the state 
are primarily concerned with sover- 
eignty, and its expression in the consti- 
tution of the state, in government, and 
in law. 

In western civilization, so called, the 
human activities and relationships that 
have been radically conditioned by gov- 
ernmental constraint are of bewildering 
multiplicity. Nevertheless, even in the 
Occident, not to mention other parts of 
the world, they are not yet the most fre- 
quently recurring ones, and by that 
token not the predominating constitu- 
ents of normal society. Of course they 
have never been the primary or basic 
ones. Folkways, born of impulse, habit 
and preference are more nearly universal 
than state ways, and mores are more gen- 
erally observed than laws. Sociology, 
respecting the preemption by history, 
economies, public law and polities of the 
domain of governmentally conditioned 
affairs, appropriates to itself a more 
pristine realm. 

Normal society as here defined is 
natural society, in the sense that it is a 
growth. It is not created out of hand 
by fiat. It is engendered and it engen- 
ders. Bentham’s well-known discrimi- 
nation of political from natural society 
is essentially true, but his conception of 
natural society will bear expanding. It 
is true that talk is the primal social in- 
tereourse and the last to be inhibited, 
nevertheless, natural society is more than 
a lot of talkers talking. It comprises all 
associations (companionships, coteries, 
partnerships, companies) whether tran- 
sient or enduring, casual or devised, 
which have not yet been radically or ez- 
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tensively conditioned by an obedience- 
demanding government. It originates in 
simple phenomena of human kinship, 
casual acquaintance, and talk. It car- 
ries on through mutual aid. It proceeds 
by folkways of usage and convention. 
Without much of taking thought it be- 
comes organized into a mesh of relation- 
ships which are by-products of birth, 
propinquity, interest and activity. 
Deriving from the series biology, psy- 
chology and anthropology, scientific 
sociology is a natural (or naturalistic) 
science of natural society, viewed as a 
normal, human-conduct part of the nor- 
mal order of nature, and as explainable, 
therefore, only in terms of what we some- 
what broadly, but with fairly definite 
meaning, call natural causation. 
Constraining governmental 
and other, germinate within natural 


powers, 


society and, growing rankly, react upon 
it. By incorporating the nation, which 
is a natural society (or, as sometimes 


happens, by incorporating a fragment of 
a nation, or a combination of nations) 
the constraining powers, asserting them- 
selves as sovereign, create the political 
state, a legal entity. The state by incor- 
porating local communities, which are 
natural societies, creates minor legal en- 
tities, namely, municipalities. 

But to the extent that the state re- 
frains from constraining and institution- 
alizing or does not completely succeed in 
its attempt it fails to recondition, radi- 
cally, our common activities and relation- 
ships, and natural society persists. 
Thenceforward we are at one and the 
same time members of natural society 
and citizens (or subjects) of the state. 
The associations to which we belong and 
within which we work and find satisfac- 
tions are in law subject to the state, but 
are not actually subjugated or trans- 
formed by it. The family, for example, 
has been institutionalized in legal theory 
and to a great extent in fact, but that it 
remains primarily a natural family, such 
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as one finds among animals and in primi- 
tive human groups, there is abundant 
evidence, in romantic marriages, com- 
mon law marriages, desertions and sepa- 
rations, and survivals of polyandry and 
New rituals and sects, and 
churches arise in 
every land and age to contend with 
established religious orders. Private 
schools and endowed colleges and uni- 
versities compete with public schools and 
state universities. New political parties 
spring up, and now and then one sur- 
vives. Agitations and movements, in- 
cluding those which sway governments 
and shape legislation, are phenomena of 
natural society, as witness the Renais- 
sance, the Reformation, Puritanism, the 
anti-slavery struggle, and, more recently, 
communism and pacifism. 

So, it appears, not only is natural so- 
ciety more or less conditioned by the 
state, but also the state is conditioned 
by natural society, which now and then 
nullifies law and defies government. 
There is no ‘‘unconditioned power to 
compel obedience’’ in the world of polit- 
ical actualities. The notion was one of 
the choice properties of political meta- 
physics. Natural society may even break 
up the state by revolution and then per- 
mit a new sovereign to recreate it. 

Professor Burgess found in the state 
a sphere or realm of government, and a 
sphere or realm of liberty, and the state 


polygamy. 


new non-conformist 


THE SCIENTIFIC MONTHLY 


itself he resolved into a state that 
organized in the constitution and a 
obvious state (a constitution-rey 

power) behind the constitution. 

came near to identifying the state be} 
the constitution with natural societ 
If identification be made complete 
state, strictly defined, becomes primari 
the realm of government, and nat 

society remains the primary or origi: 
realm of liberty. Civil liberty, so cal! 
is a compromise. It is natural liber 
conditioned by government. Nat 
liberty is habit-made, not fiat-mad: 
also is respectful obedience of law, 
the two habits are not incompatible. 


tu 


Ty 
| 


citizen who is solicitous about the 
of either liberty or respect for law ar 
desirous of knowing the ‘‘expectation 
life’’ of either of them must study s 
ology. He will find enlightenment : 
where else. 

In summary: Sociology is the scienc 
of natural society, viewed as a norm 
growth and scheme of folkways and 
lationships not yet radically conditio1 
by an obedience-demanding government 
The data of sociology are checked obser 
Its descriptions are freque! 
components, 

It seeks types, aver 


y 


vations. 
distributions of 
ents and patterns. 
ages, deviations, coefficients of variat 
and of contingency and trends. Its 
forecasts are probabilities. 
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INVENTION AS A LINK IN SCIENTIFIC 
AND ECONOMIC PROGRESS' 


By Professor SIR JAMES B. HENDERSON, D.Sc. 


ROYAL NAVAL COLLEGE, GREENWICH 


INVENTION and discovery are so closely 
allied that they are often confused. In 
our common speech the two terms are 
frequently used as synonymous, and if 
one seeks an exact line of demarcation 
between them one finds it difficult, if not 
impossible, to distinguish one from the 
other in any but the most general terms. 
Both involve an increase in knowledge 
which may be great or slight, and may 
have an immediate effect or may take a 
lifetime or more to consolidate. Both in- 
volve scientific imagination. Each may 
be only a happy idea, the inspiration of 
a moment or in some cases an accident, 
but the testing of the idea and its final 
enunciation as a physical truth or as a 
finished invention may occupy many 
vears. Newton is reputed to have dis- 
covered the theory of gravitation on see- 
ing an apple fall from a tree, but assum- 
ing that to have been the birth of the 
idea we know that the completion of his 
discovery and the proof of the universal 
law of gravitation took the best part of 
his lifetime and involved the invention of 
new branches of mathematics to complete 
the proofs. The record of Newton’s 
work has been so ably revised during the 
past year by Sir Oliver Lodge, Professor 
Turner, Sir Frank Dyson and others, in 
connection with the Newton bi-centen- 
ary celebrations, that these matters must 
be fresh in the memory of all. 

Were I asked to distinguish between 
discovery and invention I would say, in 


1 Presidential address before the Section of 
Engineering of the British Association for the 
Advancement of Science meeting at Leeds from 
August 31 to September 6. 


very general terms, that the dividing line 
is the same as between theory and prac- 
tice, between the abstract and the con- 
erete. Discovery is essentially an in- 
erease in man’s knowledge of nature and 
its complexities, and is therefore intan- 


gible. It may be a discovery of a new 


principle, a new element, a new and 


hitherto unknown quality or character- 
istic of a known substance, and so on, but 
the discovery, per se, has no regard to 
any particular practical application o! 
the new knowledge. Invention, on the 
other hand, has its sphere in the prac- 
tical application of knowledge, and the 
knowledge used may be new or may be as 
old as the hills. It may be, and it is often 
the case, that invention involves other 
discoveries which may be complementary 
to the original discovery and form its 
ecmpletion, or may be entirely unrelated 
to it and form the nucleus of a new 
branch of study. It is possibly this fact, 
that the difficulties encountered in de- 
veloping an invention often lead to new 
discoveries, which makes it so difficult to 
separate discovery from invention. I 
think, however, that this distinction in 
general terms is sound, that discovery is 
mental, while invention is material, and 
while it is true that in the large majority 
of cases an invention is in its origin a 
mental conception, it is a conception of 
something material and practical, while 
a discovery begins and ends in the realm 
of the mind. 

Discovery and invention are important 
links in the chain of progress but neither 
marks the end of the chain. The discov- 
ery has to be proved or the invention has 
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to be reduced to practice. This brings 
in a third link, finance. The Einstein 
theory, for instance, could never have 
been tested and established without the 
assistance of capital to finance the exten- 
sive eclipse observations which converted 
it from a pure mental conception to a 
working theory. The assistance of capi- 
tal in the development of great inven- 
tions of recent years is a necessity too 
well known to need description. 

Here then we have a series of opera- 
tions. First comes the fundamental dis- 
covery laying bare one more of nature’s 
secrets; then invention turning the dis- 
covery to practical use; and lastly, the 
hand of finance to help dreams to come 
true. The first is a matter of genius or 
inspiration coupled necessarily with deep 
study. The second needs skill in the arts 
and crafts and generally a high degree of 
patience and courage to weather the dis- 
appointments and setbacks which we are 
too prone to call failures. The last, 
though it may be allied with technical 
knowledge, requires most of all the com- 
mercial instinct to sense to-day the needs 
of to-morrow, coupled with faith in the 
invention and the inventor and courage 
to see the task through to the end. We 
are often told that the financial world of 
to-day worships above all things a fat 
and speedy dividend, but when one 
thinks for a moment of the amount of 
capital that must have been spent, often 
fruitlessly, in financing the discoveries 
and inventions of the past and realizes at 
the same time the number of other chan- 
nels open to finance in its own immediate 
sphere, offering possibly greater cer- 
tainty and speedier returns, it is surpris- 
ing, not that it is so difficult to obtain 
finance for a pure scientific invention, 
but rather that it is possible to find it at 
all. It says something for man’s imagi- 
nation that finance with its many other 
opportunities is willing, even to a lim- 
ited extent, to place its resources at the 
disposal of scientific progress in the cour- 
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ageous belief that it is casting its bread 
on the waters of knowledge and that jn 
good season it will return. 

When one seeks to study the histor 
some of the great inventions, one begir 
to realize how exceedingly complex 1 
are, despite their outward appearan 
simplicity. As an example take wireless 
telegraphy and telephony. No 
person deserves the credit for its dis 
ery and invention. Maxwell, Her 
Lodge, Crookes, Branly, Marconi, J 
son, Fleming, de Forest, Fessenden and 
many others have contributed their shan 
to its development, but the basis of wir 
less communication did not necessaril: 
begin with Maxwell. What was it caus 
him to conceive the idea of the elect 
magnetic theory of light? Most prob- 
ably he was trying to explain, like man) 
others, the experimental fact that 
ratio between the electro-magnetic a: 
electrostatic units was the velocity 
light, and having conceived a possible ex 
planation he proceeded to work it out 
and test it, and the electro-magnet 
theory was the result. The original id 
may have been a lightning flash of ir 
spiration, but the complete mathemati: 
theory was the work of years. 

Hertz was the first to produce ap} 
ratus for transmitting and receiving 
wireless waves, and this apparatus w 
improved by Branly, Lodge and man: 
others, but for further progress fina 
was needed. The first steps to mak 
wireless telegraphic installation we! 
taken in Italy by Marconi and in Gr 
Britain by the Admiralty experiments 
carried out by Admiral Sir Henry Jack 
son, who was then a captain. In this 
kind of competition money counts fo! 
much, and in the development of an in 
vention having a commercial as well as a 
service aspect a commercial firm wit! 
good financial backing will always hav 
a great advantage over a government 
department with a strictly limited bud 
get allowance for research. It says muc! 
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therefore, for the scientific direction of 
the Admiralty of that time that the Ad- 
miralty are to-day numbered among the 
pioneers of this great invention. 

I have taken wireless as a typical illus- 
tration. To the man in the street it rep- 
resents simply an invention, a single in- 
vention and an apparently simple one 
represented by a small wooden box with 
aknob to turn. But to the scientific his- 
torian who tries to decipher all that the 
little box represents in human thought 
and effort, it presents an appearance of 
amazing complexity in which the discov- 
eries and inventions of some of the finest 
brains of two centuries are inextricably 
blended. The proverbial tree of knowl- 
edge is a good simile. It grows inces- 
santly but imperceptibly, sending forth 
new shoots which in turn become 
branches and subdivide in their turn. 
Growth is not confined to the shoots, 
however, and a continuous process of 
consolidation and expansion is taking 
place in the trunk and root and branches. 
The sprouting of a new shoot is a new 
discovery and the consolidation work 
behind it and upon which it is based is 
invention. 


INVENTION AS A Historical SCIENCE 

Invention being generally concerned 
with the application of physical forces in 
the service of man may at first sight ap- 
pear to be a branch of physical science 
pure and simple. It is, however, actu- 
ally concerned less with the scientific 
principles of physics than with the 
human element, with limitations which 
that element imposes, with peculiar con- 
ditions under which the forces of nature 
have to be applied and with the unknown 
elements in physical science. It belongs, 
therefore, if treated as a science, by 
itself, rather to that group of sciences 
which are concerned with humanity and 
nature at large, the so-called historical 
sciences. Economic science, a typical 


historical science, is studied by thou- 


sands as a science, yet it has no funda- 
mental physical principles like the con- 
servation of energy on which to build its 
superstructure, because its working ma- 
terial is the human element which has 
not so far been reduced to any funda- 
mental basic principles worthy of the 
name of laws. It is in what Lord Kelvin 
would have called the natural history 
stage of its development, during which 
observations are made and correlated, to 
be followed by the natural philosophy 
stage when the fundamental principles 
are discovered which explain the ob- 
served facts and cast upon the scientist 
the mantle of the prophet. 

A historical science which is studied at 
great length in the staff colleges of the 
armies and navies of the world is the 
science of war. It has no fundamental 
scientific physical principles as basis but 
is founded simply upon deductions made 
from a close study of warfare from al! 
times. Wars are analyzed, tactics and 
strategy studied with the view to learn- 
ing from the history of centuries of war 
useful lessons to guide the soldiers of to- 
day and to safeguard them against repe- 
tition of the mistakes which have caused 
the disasters of the past. 

The science of invention is a curious 
blend of the exact sciences, like mathe 
matics, physies and chemistry, with a his- 
torical science. It is in many respects 
similar to the science of war, the war 
being against the complexity of nature, 
man’s ignorance of that complexity and 
the inefficiency and insufficiency of the 
human intellect itself. Whether nature 
be regarded as a cantankerous old dame 
ever ready to take advantage of a false 
step, neglecting no opportunity to ob- 
struct, and resenting every attempt to 
reduce her movements to law and order, 
or whether she be regarded as a kindly 
old lady in the middle of a sun-lit lawn, 
calling soitly ‘‘Come and find me’’ to a 
crowd of eager, blindfold children, the 
fact remains that she and man are age- 
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old opponents in a contest from which 
there can be no discharge to the end of 
time. Yet if we compare this contest 
with the wars of man with his fellow 
man, what a difference we find. Napo- 
leon said he learned the art of war from 
a study of the lives of the great cap- 
tains, but in the greater war with nature 
if we consult the books that have been 
written round the lives of its great cap- 
tains we find only human documents in 
which the searcher after knowledge to 
help him to carry the fight a little fur- 
ther, finds little help beyond an example 
of high courage. The technical difficul- 
ties are seldom recorded and the new 
searcher has generally to start afresh 
and reconnoitre his way across the old 
battle-ground of centuries. The fault 
sometimes lies with the chronicler but too 
often with the lack of records which the 
captain might have left but failed to 
leave. In fact here we have a startling 
lesson from the science of war, for is it 
not drummed into every budding soldier 
till it becomes second nature when he at- 
tains command, that one of his first 
duties in the field which must never be 
neglected is to maintain communication 
and pass on all information that may 
come his way, whether it be useful to him 
or not. The lesson has two sides. The 
soldier knows that he may become a casu- 
alty at any moment and the information 
which he gleans may be of vital impor- 
tance to enable someone else to carry on 
in his stead, also that information which 
may appear unimportant to him may 
prove to be the key to the movements of 
the enemy elsewhere of whieh he is in 
entire ignorance. 

Any invention starts with a scheme 
which, on paper, promises to be success- 
ful if the fundamental assumptions or 
information on which the scheme is based 
are correct. Just as a general draws up 
his scheme of attack based upon certain 
assumptions or information regarding 
the enemy’s disposition, numbers and 
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probable future movements, so th 
ventor lays his plans to curb and cont 
nature by a scheme based upon assum 
tions as to her behavior. When the 
eral finds that the enemy is stronger 
than he thought, or that he has shif: 
his ground and is turning his flank 
generally that the enemy is not play 
the game which he had been expected 1 
play and which had been provided 

he has to modify his scheme and proc 
on new lines, so also the inventor 
frequently to change his plans on 
covering that Dame Nature is not quit 
so simple as he had believed and is seen 
ingly getting the upper hand and laug! 
ing at his efforts to control her. So th 
fight goes on from day to day, from yi 
to year, and there are very few great in- 
ventions which are brought to a success. 
ful issue without departing in some 


respect or another from the origina 
scheme and without the expenditure of 
many years of effort and large sums of 


money. The records of the various at- 
tacks and their results in the series or 
chain of maneuvers which are finally 
crowned with success are rarely written 
and in the much larger proportion 
long engagements which are finally aban 
doned as failures no record of any kind 
is published and most valuable inforn 
tion is lost forever. 

Contrast this with military or naval 
wars in which records of every litt! 
move are faithfully kept and are studied 
by the historian, who draws from them 
lessons for future generations of soldiers 

The history of the nineteenth century 
and the enormous economic and politica! 
progress made in it might be summed up 
in the word ‘‘Invention.’’ As_ was 
pointed out so clearly in Sir John Snell’s 
presidential address to Section G of th 
British Association at the Oxford meet- 
ing, economic progress can be best mea- 
sured by the amount of horse-power used 
per head of the population, and since 
every successful new invention increases 
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this amount both in the manufacture of 
the gear itself and by the power it may 
control, it is very evident that economic 
progress is closely allied with invention. 
The invention of the steam engine, the 
spinning jenny, the power loom, the 
steamship, the power printing press, the 
dynamo, the electric lamp, the steam tur- 
bine, the electric telegraph and wireless 
telegraphy, not forgetting the chemical 
industries, form the economic history of 
last century, yet no one, so far as I am 
aware, has studied the development of 
any of these inventions with the view of 
learning therefrom and recording lessons 
which can be passed on to posterity. 

Of the hundreds of inventions which 
have been abandoned as failures, or of 
possibly revolutionary inventions left 
incomplete simply from lack of capital 
or lack of courage, no record is available 
to those who come after and who might 
carry them on to success. Has every in- 
ventor for all time to start from scratch? 


The same difficulties crop up time after 
time in the development of inventions, 
yet every new inventor has to tackle 
the difficulties de novo, and fortunes are 


wasted in the process. Development of 
an invention is always costly, even when 
guided by all the experience obtainable 
from allied inventions; how much more 
costly it is when not so guided the his- 
tory of the failures would most surely 
show. In most inventions there comes a 
time when the inevitable question arises, 
‘Shall we cut our loss or risk further 
expenditure?’’ If the decision is to cut 
the loss, the invention, which is possibly 
a sound one and of great value, is pro- 
nounced to be a failure and the result 
may be the loss of an industry to the 
country or a delay in its introduction for 
many years. Science will prevail in the 
long run, but the cost of the trials both 
in time and money could probably be 
greatly curtailed if records of similar 
ventures in the past were available. In- 
ventors would gain much if they could 


be trained in, and benefit by, the experi- 
ence of their predecessors in the same 
field, while masters of industry, with 
records of that experience before them, 
would be better able to appreciate the 
difficulties of the inventor and to co- 
operate fully with him. 

No one would dream of putting a gen- 
eral in command of an army who had 
not previously studied the art of war 
either in staff college or in the field, nor 
would they put an engineer to construct 
a bridge unless he had some experience 
in bridge-building; yet in the develop- 
ment of an invention some seem to think 
that no previous experience is necessary 
and the work is frequently left to the 
inventor himself, who may have no 
knowledge of the practical or commercial! 
side of development, or it may be given 
to someone who has no previous experi- 
ence of similar development but who is 
supposed to be a good practical man, 
though devoid of scientific knowledge of 
the principles to be followed. 

In the development of inventions no 
general rules ean be laid down because 
inventions take so many different forms, 
and the expert in developing inventions, 
say, in the chemical industry, would not 
offer an opinion on the development of 
inventions in complicated mechanism 
Why is it that chemical reactions which 
work well in the laboratory on the smal! 
seale in vessels of glass or platinum so 
frequently go wrong when tried on a 
larger scale in works in vessels of por- 
celain or the baser metals? The expert 
in developing inventions in the chemical 
industry has had much experience in 
overcoming these difficulties, but little of 
that valuable experience has been pub- 
lished. 

In every industry one finds that the 
experience thus gained in developing the 
inventions of the industry is guarded as 
a most valuable secret. The result is 
that this knowledge is not recorded and 
often dies with the individuals who pos- 
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sess it. Future workers even in the same 
industry have to pass through the same 
or similar experience to regain the lost 
knowledge and the whole condition is 
economically unsound. The expense to 
the nation which it entails must be enor- 
mous. It retards progress, it adds 
greatly to the time and expense of de- 
veloping other inventions, and it brings 
invention into disrepute because so many 
firms have lost money in trying to de- 
velop inventions which have had to be 
abandoned simply through inexperience. 

The value of experience in any par- 
ticular line of invention is that it puts 
the owner of the experience in the posi- 
tion, when called upon to express an 
opinion on a new invention, to form an 
estimate of the type of difficulties likely 
to be encountered and the time and ex- 
pense likely to be required to surmount 
them. The novice always underestimates 
both the difficulties and the cost of de- 
velopment, and many failures are due 
solely to this underestimation, while the 
man who has once been bitten tends to 
overestimate them and to suspect difficul- 
ties where there are none, with the re- 
sult that the development of the inven- 
tion is unnecessarily delayed. 


NURSING AN INVENTION 


So far I have dealt with the sequence 
of operations of discovery, invention and 
the financial and technical assistance in 
development, but the process does not 
stop there. Once an invention has been 
developed and made a commercial article, 
it merely enters upon a new phase dur- 
ing which it requires the most careful 
attention. It requires nursing. It may 
be sold to users who are free to submit 
it to any use or misuse they like, and 
even when properly used trouble is sure 
to arise somewhere and it is usually diffi- 
cult to say whether the fault arises from 
legitimate use or not. This is a most 
critical financial stage because the in- 
vention, if put on the market too soon 
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or without full experience of every 
tail, may be killed by financial faily,, 
due to faults introduced often by an jj! 
considered change of design at the last 
minute which may be very expensive { 
rectify. Everyone who has taken a 
interest in motoring during the last 
twenty years will remember many 1 
takes of this kind which have retarded 
progress and have increased the cost 
motoring, because in the long run 
user pays for the mistakes of the in. 
dustry. 

The type of man required to deal wit 
the problems which arise during 
nursing period is not necessarily 
same as in the period of develop: 

In the latter nature is the only enem) 
but in the nursing period every user 
a potential enemy and has to be treat 
accordingly. The nurse must therefor 
possess tact and a knowledge of humar 
nature. He must, in fact, be a di 
matist, but he must also be able to « 
with the technical side and accept 
sponsibility where it is called for. 

Every firm, even after it has been 
turning out its products for years, v 
occasionally turn out one with a ser 
defect. The prompt recognition of 1! 
defect, its admission as a defect and 
quick replacement free of cost to 
eustomer makes a friend of that « 
tomer for life. On the other hand 
failure to recognize the defect, any 
tempt to throw the blame on to th 
tomer and any parsimonious treatment 
of the remedy will make an enemy) 
that customer and his friends, which 
much worse than never having had his 
custom. 

The financial success of James Watt: 
engine was as much due to the nursing 
of Murdoch during this critical pe! 
as to Watt’s own efforts in inventing 
and developing it. In fact the hist 
of James Watt’s engine is typical 
most successful inventions. We hav 
Watt, the typical inventor, interest 
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only in his science and living for it, in 
, happy combination with Boulton, its 
promoter and supporter, and Murdoch, 
the born nurse and improver — three 
different types of men all contributing 
in different ways to one great advance in 
civilization, possibly the greatest single 
advance in the history of the world. 

Bou!ton must have been a very patient 
man to continue for twelve years finan- 
eing the experiments of Watt before the 
engine began to be taken up by colliery 
owners, and when Murdoch, then a youth 
of 23, joined them in 1777, the work he 
proceeded to do was of a type for which 
neither Watt nor Boulton would have 
been suited. Smiles has written of Watt: 
‘‘He was not the man to fight the selfish- 
ness of the Cornish adventurers.’’ ‘‘A 
little more of this hurrying and vex- 
ation,’’ he said, ‘‘ will knock me up alto- 
gether.’ Murdoch, then only 25, went 
into Cornwall and gave himself no rest 
until he had conquered the defects of 
the engines and put them into thorough 
working order. He became friendly with 
the Cornish workmen and engineers. In- 
deed he literally fought his way into 
their affections, for one day some half- 
dozen of the mining captains came into 
his engine-room at Chace Water and 
tried to bully him. Murdoch stripped, 
selected the biggest and set to with his 
fists. In a few minutes Murdoch, vic- 
torious, was shaking hands with the lot 
of them and they parted the best of 
friends. I quote this little incident 
merely as illustrative of the man and of 
the times and not as an illustration of 
what is required of a man called upon 
to nurse an invention in these more 
peaceable days. 


THe INVENTOR AND THE PROMOTER 


Since I have touched on the chief 
characteristics required in the nurse of 
an invention, it may not be inappropriate 
to refer also to the characteristics of the 
two other members of the trio. 
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In the Ordnance Department of the 
Admiralty there is a colored cartoon of 
a man with an body, an 
enormous head of the encephalitice type, 
and wearing very 
demonstrating a precious invention to a 
Jack Tar, all muscle and little brain, 
carrying an enormous spanner in his 
hand. Below it is the motto from ‘‘Our 
Fathers’’— 


The optimist inventor should remember if he 


emaciated 


concave spectacles, 


can, 
Tho’ the instrument is perfect, there 
to the man. 

That cartoon is perhaps typical of the 
attitude of many men towards the class 
of men known as inventors. It is an at- 
titude which is as old as invention itself 
and will persist probably until the end 
of time. The inventor’s point of view, 
however, is that with the aid of invention 
there are no ‘‘limits to the man.’’ It is 
his whole object to eliminate the limita- 
tions of the human element by giving to 


man the control through relay mecha- 
nisms of power infinitely greater than his 
own and with little or no expenditure 


of effort on his own part. The history 
of the past century shows that he is suc- 
ceeding beyond belief. His success will 
continue and is bound to have a marked 
effect on the type of man of the future. 

The highest type of inventor is first 
of all an artist with a vivid imagination 
in certain and possibly limited diree- 
tions. Like the painter he conceives a 
mental picture and the picture grows 
as he proceeds to develop it. 
artists he is unconventional and as a rule 
diffident except, naturally enough, in his 
own particular sphere. Unless he pos- 
sesses also the gift of clear exposition 
he can not expound his invention and 
make clear to others the mental picture 
he has created. Such a man has little 
chance of working out his ideas and 
making his inventions commercial propo- 
sitions without the assistance of a pro- 
moter. 


Like most 














The promoter is a man of means and 
imagination who generally knows some- 
thing about inventions or the branch of 
industry to which the invention relates, 
and is prepared to risk his capital in 
backing the invention. It is only nat- 
ural that he should back only the in- 
ventions for which he can himself see a 
field of usefulness and be chary of those 
which he considers comparatively useless 
or unlikely to provide him with an ade- 
quate return for his risk. The great 
promoter is the man of vision who is not 
content to finance minor inventions for 
improvements in a known industry, but 
launches forth into the blue in support 
of an invention, unknown and untried, 
like the first steam engine or the first 
iron ship, and cares nothing for the skep- 
tical criticism of the multitude who fore- 
tell disaster simply because the invention 
is something beyond their ken. 

Much of the success of the great in- 
ventions of history has been due to a 
happy combination of inventor and pro- 
moter, as in the case of Watt and Boul- 
ton, and many are the instances where 
failure has been traceable to lack of this 
same combination. Its absence must, at 
the very least, contribute very largely 
to delays in development and to the im- 
pairing of a success which might other- 
wise have been complete. 

INVENTION AND INDUSTRY 

The history of the twentieth century 
shows clearly that invention is the heart 
of industry, the root of new develop- 
ments and the source of improved meth- 
ods of production which have led to 
cheaper costs and a wider scope in every 
industry. It has also been the cause of 
some of the greatest social upheavals and 
strife. Innumerable strikes have arisen 
from it, and if there is one lesson in 
political science more potent than an- 
other to be learned from the history of 
such movements, it is that science is 
always victorious in the end. Progress 
may be delayed or an industry may be 
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lost to a country temporarily or | 
nently by such strife, but the steady 
vance of the world’s progress throys 
the science of invention is certain. (; 
country may lose, but the world 
gain in the end. It is only a questior 
time, and if the leaders of industry 
masters and men, would only recog: 


this fundamental truth how much faster 


progress would be. 

It must not be imagined, however, : 
every invention can or, from the con 
cial point of view, should be introd 
into an industry the moment it is n 
Quite apart from the time necess 
spent in developing and perfecting 
invention, for which purpose many 
dustries have now instituted re 
departments of incalculable value, 
sometimes found that the occasion 
appropriate or that the time is not 
for the change involved. The intr: 
tion of a new invention or of a 1 
design may involve many comp! 
questions of policy or finance, b 
the change may have to be accompa! 
by heavy sacrifice in other direct 
possibly affecting other industries or t 
publie at large. There may hav 
heavy scrapping of spare parts, 
and plant. There may also be cons 
able loss to the customers of the industr 
through depreciation of the products 
the industry already in use, for not! 
depreciates a firm’s production n 
rapidly than the introduction 0! 


/ 


y 


new and superior model. Manufacturers 


have therefore, on some occasions, 
collect and husband their inventior 
and improvements after testing th 
merits and keep them in reserve f 


nNnor 


more opportune occasion. The op] 
tunity may occur very suddenly. I 
may arise through a sudden whimsic 
change in fashion which no one can ex 
plain, or from some other cause wh 
it has been impossible to anticipate, : 
if a manufacturer has no policy of i 
provement all worked out and ready t 
apply he is faced with the awkward 
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iternative of falling behind the times 
hy making no change at all, or of risk- 
‘ng his market by adopting some new 
model which he has not had sufficient 
time to test thoroughly. The former 
nolicy is almost always disastrous and 
the latter is often worse. Numerous 
llustrations of both these courses and 
their results could be cited from any in- 
lustry. There inevitably comes to every 
ndustry a time when radical change is 
demanded, and the firm which is best 
prepared for the change reaps the re- 
ward of its foresight. 

Industry when viewed in its interna- 
tional aspect determines the lives of na- 
tions. The nation which organizes its 
industry most efficiently, which hampers 
it least and stimulates it most by legis- 
lation, or absence of legislation, and by 
its scientific foresight, is the nation 
which will prosper most. Since inven- 


tion is the heart of industry, the en- 
quirer naturally asks: Is this country 


doing its best to stimulate invention as 
a means to foster industry? Are the 
leaders of industry fully alive to the 
position which invention plays in in- 
dustrial progress? Have our legislators 
ever paused to think that their function 
is only called for because of the progress 
which has been made by scientific in- 
vention, and that without such progress 
they would be unnecessary ; also that in 
the past legislation has done much to 
retard progress? A study of the funda- 
mental scientific causes of progress would 
form a useful addition to the education 
of legislators. 


INVENTION aS A LINK BETWEEN EXAcT 
ScIENCES 


It is sometimes stated that the physics 
of to-day become the engineering of to- 
morrow. This is a natural development, 
since the engineer is more concerned 
than the physicist with the practical ap- 
plication of physical discoveries. But 
the converse is frequently true, for many 


physical discoveries and inventions arise 
in difficulties encountered by the engi- 
neer. The practical hydro- 
dynamics is a case in point. The mathe 
matical science of hydrodynamics has 
been of little service to the engineer in 
the practical problems of the propulsion 
of ships, in the complex phenomena of 
with the flow 
through turbines, 


science of 


vortex motion associated 
of water and 
or in problems of aerodynamics, with 
the result that the engineer has had t 
develop an empirical science of hydro- 
Ccynamics to supply his immediate needs. 
A huge mass of experimental results in 
screw propulsion, in aerodynamics and 


steam 


in hydraulies has thus been accumulated 
and is now awaiting some discovery or 
discoveries in mathematics or physics to 
correlate it all. If vortices could only 
be dealt with like potatoes or any other 
form of merchandise, each a complicated 
physical system in itself but capable of 
being considered as a unit differing only 
in mass or in its energy contents, a for- 
ward step might be made. The Lan- 
chester-Prandtl theory of lift and drift 
of aeroplanes is a first step in a par- 
ticular the general problem. 
Such a discovery, when made, will be 
bound to lead to further advances and 
improvements on the engineering side of 
the subject. 

Most discoveries in physics arise from 
some experimental fact discovered more 
or less accidentally. The discovery of 
Réntgen rays was accidental, and the 
enormous strides which have been made 
in our knowledge of the atom by J. J. 
Thomson, Rutherford, Bragg, Born and 
many other physicists during the last 
thirty years have resulted from Ront- 
gen’s discovery combined with another 
great discovery in pure thermodynamics, 
Planck’s Quantum Theory, which also 
arose from an accidental discovery made 
in the course of experiment. The 
Reichsanstalt in Berlin had published 
a family of curves representing the 
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distribution of energy in the spectrum 
of a hot black body. Professor Wien 
by trial and error obtained an equation 
to the family, and the form of this 
equation was suggestive. Planck in try- 
ing to develop this equation from the 
laws of thermodynamics found that he 
could only do so by assuming that energy 
is not indefinitely divisible, and he coined 
the term ‘‘Quantum’”’ to represent the 
fundamental unit. These two discov- 
eries of Rontgen and Planck form the 
starting-point of that most important 
branch of modern physics which has 
increased our knowledge of the constitu- 
tion of matter, a science which is just 
beginning to find its field of application 
in engineering practice, as in the ther- 
mionic valve and the modern power 
transformers on the same lines. From 
these and other applications great ad- 
vances are still to be expected. 

In reviewing the discoveries in physics 
which have had most effect in develop- 
ing new industries and thus calling forth 
new inventions, one is struck by the 
great results in this respect which have 
arisen from application of the Second 
Law of Thermodynamics, first stated by 
Carnot in 1824. Carnot described his 
ideal heat engine and showed that the 
efficiency of this engine is independent 
of the working substance used. Looking 
back upon the history of the science of 
thermodynamics of the last century it 
is unfortunate that no one seems to have 
employed this statement of Carnot’s as 
a general text, and developed it to find 
what information could be derived from 
it by using different working substances 
and mixtures in order to discover some- 
thing about all the substances used. 
Had any one done so, progress might 
have been greatly accelerated. James 
Thomson was the first to use this second 
law to determine the lowering of the 
freezing-point of water due to pressure. 
His brother, Lord Kelvin, followed with 
the application to the change from liquid 
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to vapor. Helmholtz used the , 
cell as the working substance and deter 
mined the temperature coefficient 
electromotive force. Then followed 
long intervals the application to ch 
changes which have resulted in th 

ern science of thermodynamic che: 
with which the names of Helmh 
Ostwald, Nernst, Van’t Hoff and G 
are so closely associated, and upon w) 
the modern industry of chemical 
neering is based. It is a wonderfu! 
velopment to be able to prophesy 
under certain conditions a certain 

ical reaction will take place, say, that t 
nitrogen and oxygen of the air wil 
bine at certain temperatures and } 
sures in a definite proportion, and that 
the resultant oxide can be recovered 
converted to nitrate and used as fert 
lizer to replace the imported article 
an economic price. 

The applications of thermodyna 
chemistry to explosives enable us to ¢ 
culate the maximum pressure to be 
tained by detonating an explosive, or 
to calculate the temperatures and pres- 
sures throughout the explosion of cordite 
in a gun from the chemical constituents 
of the cordite. This possibility has gon 
far to raise internal ballistics from 
empirical science to a branch of natural 
philosophy. 

The advances which have taken plac 
in the commercial development of chen- 
ical processes based upon this important 
new science of thermo-chemistry, 
though already considerable, are only in 
their infancy, but the men with the e:- 
perience gained in practical development 
are very few; and as the experiments 
are generally very lengthy and expen 
sive, the development of the industry 
necessarily slow. The resultant saving 
to the country, however, will far out- 
weigh the cost. 

Invention forms the natural link be 
tween physics, chemistry and engineer- 
ing, and every advance in one or other 
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of these produces a reflex action on the 
other. For instance, a discovery in 
physies which increases accuracy of 
measurement by providing an indicator 
more sensitive than any previously 
known is soon embodied in an engineer- 
ing instrument carefully designed and 
manufactured for sale at a price which 
makes it available to every physicist 
for use in further research. Thus mod- 
ern research in physics and chemistry 
is earried out with accurate apparatus 
which would be available only at a pro- 
hibitive price if it had been made for 
the particular research alone. The as- 
semblage of apparatus used in a modern 
research is sometimes like an engineering 
installation, and is in marked contrast 
with the cruder, home-made apparatus, 
designed ad hoc, which was common 
when some of us were students. 

The closer the intercourse between the 
physicist, the chemist and the engineer 
the greater will be the fertility in in- 
vention and the faster the economic 
progress. The physicist working contin- 
ually in a laboratory where everything 
is specially designed to facilitate accu- 
racy of measurement and to eliminate 
disturbance, is apt to forget how arti- 
ficial his working conditions really are, 
and that before any of his beautiful ex- 
periments can have a practical applica- 
tion in industry a great deal of inven- 
tion is required. As an example of suc- 
cessful invention involving an accurate 
measurement to be made under practical 
conditions unsuitable to accuracy, I may 
cite the Barr & Stroud Range-finder, 
which was invented by two young pro- 
fessors in this university in the days 
when it was the Yorkshire College. The 
problem consisted in measuring with 
great accuracy, say to a second of are, 
the small angle subtended at a distant 
target by a short fixed base placed at 
the observer. At the time when this in- 


vention was made, some forty years ago, 
the only scientist who normally measured 
angles to seconds of are was the astron- 
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omer, with his large telescopes mounted 
on great concrete foundations, with grad- 
uated circles from three to six feet in 
diameter and microscopes to read the 


scales. It seemed therefore impossible 
to contemplate the measurement of 
angles with anything like equal accuracy 
on board a rolling ship and with no 
expert operator. Yet the two inventors, 
seeing an advertisement in the 
of Engineering announcing competitive 
trials of range finders to be held by the 
war office, took this seemingly impossible 
task in hand. There was little time to 
spare. The first instrument was 
signed in outline in a week and much 
of the subsequent success is attributable 
to the sound physical principles under- 
lying this design and to the very in- 
genious design of all the constructional 
details, due to the happy combination 
of an engineer and a physicist both of 
whom were men of imagination with a 
flair for invention. Their range-finder 
was constructed in the university build- 
ings and, to indicate the amount of time 
that was available, the final adjustment 
of the instrument was made on a star 
from the railway platform at Rugby on 
the way to the trials at Aldershot. 
During the trials the instrument 
worked well at first, but after the sun 
‘ame out it commenced to read ‘‘as thou- 
sands of yards ranges which were pal- 
pably a few hundred’’ and the inventors 
discovered that their beautiful angle 
measurer was also a thermometer and a 
sunshine recorder combined. They were 
not surprised to have it rejected, and 
they might actually have abandoned it 
entirely if they had not been asked by 
the admiralty some time later to submit 
an instrument for naval use. Then fol- 
lowed ten years of most patient struggle 
against physical and engineering difficul- 
ties, not to mention financial difficulties, 
for the inventors acted as their own pro- 
moters and the financial side of the busi- 
ness must have taxed their resources to 
the utmost. But at last they succeeded 
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and their range-finder is now the stand- 
ard instrument in our army and navy 
and in other countries as well, and has 
been the foundation of one of our best 
firms of scientific instrument makers in 
the country. As student or as assistant 
I had the honor to serve under both Pro- 
fessor Barr and Professor Stroud, both 
of them great teachers, versatile inven- 
tors and most lovable men, and I am 
happy to be able to pay this small tribute 
to them and to their great achievement. 

It is unfortunate for Leeds that the 
transference of Professor Barr to Glas- 
gow in the early stages of this invention 
should have deprived Leeds of a new in- 
dustry, and also robbed her later of Pro- 
fessor Stroud as well. Leeds also seems 
to have been unlucky in regard to at least 
one other inventor, for Sir Charles Par- 
sons started his life’s work in Messrs. 
Kitson’s in Leeds and developed while 
there his epicycloidal rotary engine, the 
precursor of the steam turbine which has 
done so much for British industry in 
general and for the mercantile marine 
and navies of the world. I feel sure, 
however, that Leeds will join with this 
association, and with this section in par- 
ticular, in rejoicing that Sir Charles’s 
great work has recently earned for him, 
as he so rightly deserves, the highest 
honor that this country can confer on a 
scientist. the Order of Merit. 

I feel sure that the early history of Sir 
Charles Parsons’s work on the rotary 
engine and on the steam turbine would 
form a valuable addition to the scientific 
history of invention, but it has never 
been written and is passed over in a few 
lines in the introduction to Mr. Richard- 
son’s excellent treatise on the Parsons’ 
turbine. From the little that is written, 
however, it is easy to see that Sir 
Charles’s task was no easy one. 


THE DirFIcuLTIes oF INVENTION AND 
THEIR REMEDY 


I wish it to be understood that where 
I have used the word ‘‘invention’’ I am 
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dealing with the great inventions 
not with the thousand and one min 
comparatively unimportant, though 
ful, inventions which flood the pat 





Se. 


office every year. The latter are gener. 


ally simple affairs, a minor improve: 
in a known mechanism or a new wa: 
performing an old simple function, 
do not wish to belittle these minor j 
tions in any way. 
pose in our everyday lives, and ; 
traceable more or less directly to 
major invention of the past, but th 
tinction which I wish to draw is t! 
very few cases is their manufactur 
development a matter of difficult 


am, therefore, dealing solely with the | 


inventions and their development, a 
is to the question of the obstacles t 
are too often encountered in their d 
opment that I wish to draw particu 
tention. This question of difficulty 
old as the history of invention itsel! 


many of the obstacles have required n 


discovery or fresh invention to surm 
them. 


They serve their pur 


I wish now to examine the ques. 


tion of how to eliminate or at least mi 


mize these difficulties that obstruct 
inventor and so retard the marc! 
progress. 

The first way that suggests itself t: 
is by means of education. 


Our edu 


tional policy in schools on the scienti! 


side deals with physical laws as 


and the teacher generally deals only wit 
phenomena with which he can afford t 


be dogmatic and ignores the enorm 
greater range of phenomena about w! 


£ 


science knows little or nothing. This 
system inevitably breeds in the student 


and in the general public the impress 


that nature acts according to certal 


definite laws and that there is nothing 


about these laws which is not known t 


science. In actual fact the more 
scientist knows about these laws the m 


he is impressed with his ignorance and 
the failure of science to fathom the com- 
plexity of nature. Much of the misu 
derstanding of invention and its difficu- 





ra 


y 


Ty 


Ai 














ons, a 


unt 


Aad 


Ugh use. 


Ce patent 


el 
© gener. 


‘ovement 
: way Of 
tion. | 
Yr Inver 
leir pur. 
l all ar 
to som 
the dis. 
} that in 
cture or 


Cll, and 
red new 
rmount 
le ques- 
st mini- 
uct the 
irch 


t TO mé 


‘lentific 
; facts 
ly with 
ford ti 
mousy 
which 

This 
tudent 
ressiol 
-ertain 
othing 
wn 10 
re the 
> more 


> coM- 
nisun- 


ifficul- 





ties is due to this method of teaching and 
will endure so long as that method is 
maintained. If it were possible to teach 
nhysical and chemical science historically 
. uch could be done to counteract this 
injurious effect. 

The experimental laboratory tends to 
modify the dogmatic teaching of the 
schools because the student there finds 
out for himself how exceedingly difficult 
it is to prove experimentally some of the 
simplest of the physical facts which he 
learned in the lecture room, and he thus 
gains a first-hand knowledge of the order 
of accuracy of physical measurements 
and of the difficulty in attaining it. Sci- 
ence taught historically would be infi- 
nitely more interesting and instructive, 
but time is the great obstacle. In a re- 
cent leader in the Times the teaching of 
the history of science was advocated as a 
subject for general culture, and comment 
was also made on similar recommenda- 
tions emanating from an American 
writer. Such a study would introduce a 
better understanding of the science of 
invention among those who have not 
given particular attention to it, and the 
inventor might come to be regarded as a 
necessary and valuable cog in the wheel 
of industrial progress and not, as he is 
too often regarded, as a freak. After all, 
the inventor is simply trying to make 
things simpler and easier and safer for 
his fellow men, and he is succeeding be- 
yond belief. Surely that object is worthy 
of recognition and encouragement. 

A second possible remedy to encourage 
invention and minimize its difficulties is 
by means of legislation. I hesitate to en- 
large on this point because the question 
of patents is a controversial one among 
scientists, and between inventors and the 
outside public, but it seems to me anoma- 
lous that a man who makes an epoch- 
making invention which is going to revo- 
lutionize an industry and add millions to 
the wealth of the nation receives exactly 
the same degree of protection for his in- 
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vention as the man who invents a new 
kind of shirt button. In the first case 
the invention will take years to develop 
and may cost thousands of pounds in the 
process, and by the time it reaches the 
productive stage the patent may have 
expired. In the case of the shirt button, 
a term which I use figuratively, there are 
no difficulties to overcome, practically no 
expense, no loss of time and a clear six- 
teen years’ trade monopoly. I know that 
a patent is granted only for a new 
method of manufacture which has to be 
deseribed in the patent specification so 
that any one skilled in the art may put 
it into practice at once. In simple in- 
ventions which form the subjects of the 
great majority of patents this is actually 
the case, but there are undoubtedly cases 
where what appears to the inventor to be 
a practical scheme and was honestly de- 
scribed by him as such, proves subse- 
quently to be difficult to put into effect 
on account of technical difficulties which 
he had not foreseen, and the remedy for 
which may not be patentable. Such ob- 
stacles and their remedy can not be re- 
corded in the patent because they have 
not been encountered when the specifica- 
tion is written. If it be argued that the 
inventor should not apply for a patent 
until the practical application of the in- 
vention has been achieved, then the in- 
ventor argues in reply that by delaying 
his application he is incurring the risk of 
having someone else forestall him, by 
fair means or foul, and so lose his trade 
monopoly. Under our present system a 
period of nine months is allowed between 
filing the provisional and complete speci- 
fications, which period, while ample in 
the case of most inventions, is inadequate 
for full investigation of the really great 
inventions, and it is to this difference be- 
tween major and minor inventions that I 
wish to draw attention. 

In America it is possible for an appli- 
eant for a patent, by filing periodical 
amendments of his specifications, to keep 
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the application pending in the patent 
office for a number of years, during 
which he can be developing the invention 
and adding to the specification any fur- 
ther explanations which may be called 
for in the light of the experience gained. 
Then when the patent is eventually is- 
sued it runs for seventeen years from the 
date of issue, whereas a British patent 
dates from the date of application. In 
addition to this, an American patentee, 
on any question of priority of invention, 
is allowed to produce any evidence that 
may be available to show conception of 
the invention up to not more than two 
years anterior to the date of his original 
application. In this way an American 
inventor can spend several useful years 
perfecting his invention before his patent 
is granted, while the British inventor 
has often to watch the most useful years 
of his patent being eaten up in unpro- 
ductive development. I admit that the 
American system has drawbacks from 
the point of view of an industry, but it 
has certain undoubted advantages, and 
I suggest that our system does not meet 
the needs of great inventions, between 
which and the ordinary minor inventions 
there ought in my opinion to be some 
discrimination. Merely as a suggestion, 
I see a possible solution in an extension 
of our present system of granting pat- 
ents of addition, that is, a patent for an 
improvement on a prior patented inven- 
tion, the patent of addition being 
granted during the lifetime of the orig- 
inal patent and running coterminously. 
If a patent of addition could be granted 
to an inventor in approved cases on pro- 
duction of evidence of genuine difficul- 
ties encountered and successfully over- 
come, these difficulties and their remedy 
to be fully described in the patent for 
the guidance of the industry, and if this 
patent of addition could be made valid 
for a definite term of years, one of the 
main fears of a patentee would be over- 


come. 
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It will be noticed that in this last sug 
gestion I have stipulated that the sp. 
cation of a patent of addition, such as | 
suggest, should contain not only a . 
seription of the finished invention } 
of all the difficulties encountered in jts 
production and the steps taken to sur. 
mount them. In fact, it is mainly 
this reason that I make the suggestion a: 
all I am trying to devise a means t 
prevent future inventors and industry 
from being handicapped in a way that 
has been all too common in the past. | 
have already touched on what must b 
the large volume of valuable scientific in. 
formation that has been lost through lack 
of records of past difficulties. Patent 
specifications are in many cases the so}; 
record of inventions, yet in the cases 
of the type I have mentioned they t 
us nothing of the difficulties simply be- 
cause the specification is written befor 
the difficulties are encountered. I, there- 
fore, suggest that if any additional pr- 
tection be given to a patentee in virtu 
of work done in converting his inventio 
into a practical mechanism in face 
unsuspected obstacles, the grant should 
be absolutely conditional on his placing 
on public record for the guidance o! 
others a complete history of his efforts 
so that no one may have to contend wit 
the same troubles again. 

I have one more suggestion to offer ir 
closing, a suggestion which touches this 
association and kindred bodies more in- 
timately. On this question of assisting 
future inventors by increasing the stor 
of knowledge at their disposal, I see a 
possible sphere of usefulness for this as- 
sociation and kindred institutions by 
encouraging the great inventors of to- 
day to place on record and pubiis! 
through the medium of the association 
or institution an account, even a brief 
one, of the main historical features of 
their inventions. If considerations of 
patents or of personal diffidence make it 
undesirable to publish these records at 
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the time they are written, that need not 
impede the scheme, as publication could 
be made subsequently at a more conve- 
nient time or, say, after the inventor’s 
death. The main thing is to have some 
authentie record from the inventor or 
discoverer himself recording the origin, 
growth and development of his idea, the 
difficulties that beset him and the man- 
ner in which they were overcome. Nor 
do I think we should stop there. In my 
opinion too much attention has been paid 
in the past to success and too little to 
honest failure. It is one of our human 
frailties to look with something of con- 
tempt on the man who has failed to reach 
his goal, but this is not the attitude of 
the great minds, nor should it be the 
attitude of modern science. On one oceca- 
sion Lord Kelvin was shown a report by 
a professor on a research carried out by a 
research scholar, in which the professor 
had made some rather contemptuous re- 
marks on the results attained because 
these results were mainly negative. Kel- 
vin was highly indignant. All he looked 
to was the fact that the young scholar 
had done his best on a subject which 
merited investigation and in face of un- 
doubted difficulties, and it amazed him 
that any scientist should speak slight- 
ingly of the results, simply because they 
were negative, when the real thing of 
value was the earnest and diligent search 
after truth. 

If therefore my suggestion be adopted 
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by this association, would it not be in the 
best interests of science to remember the 
failures as well as the successes, and to 
encourage all serious workers in impor- 
tant fields of research to furnish in the 
common cause a record of their work, 


even when their aim has not been 
achieved, giving a faithful account of all 
the difficulties and all the efforts made to 
surmount them? Who knows but that 
many of the so-called failures of yester- 
day may only be waiting for other hands 
to-day to carry them on to a greater suc- 
cess than the world has yet known? Left 
to themselves they will lie in oblivion, 
yet, for all we know, two of them may 
fit together and provide the answer to 
one more of the riddles of the universe. 

Knowledge forms the working tools of 
science, and my proposal is in no way 
aimed at giving the scientific workers of 
to-morrow an easy task. They will prob- 
ably have a far more difficult task than 
ours, but I do not think it fair to con- 
demn them to spend part of their time 
in a preliminary and possibly fruitless 
search for tools which we have forged 
and hidden. 

‘As one lamp lights another, nor 
grows less,’’ science of to-day will partly 
fail in its clear duty if it fails to pass 
on to to-morrow any of the knowledge 
which it has been privileged to acquire, 
or if it forgets that it is for to-morrow, 
rather than to-day, to assess the true 
value of to-day’s success and failure. 











THE most important factor in the de- 
velopment of any science is the truth or 
falsity of the basic concepts in that 
science. In no science is this better illus- 
trated than in the fundamental sciences 
underlying medical practice, for ex- 
ample, the primitive belief that still 
dominated European medicine as late as 
the opening centuries of the Christian 
era, that most diseases are due to the 
entrance into the human body of devils, 
demons or other evil spirits, the later 
metaphysical deduction that transmis- 
sible diseases must necessarily be due to 
the entrance into the human body of 
noxious vapors or miasmatie gases, and 
the concurrent and later religio-thera- 
peutic dogmas that material agents are 
divinely marked by shape, color or other 
easily recognizable characteristics for 
man’s therapeutic guidance. Each of 
these basic assumptions has given rise 
to logical and consistent methods of 
medical practice. Each has led to the 
discovery of valuable therapeutic meth- 
ods. These discoveries, however, we now 
regard as accidental empirical findings 
that were made in spite of the handicap 
of erroneous bases for therapeutic de- 
duction. 

I have thought that it might not be 
without interest to workers in other 
scientific fields if I should outline very 
briefly and in non-technical language 
the generally accepted basie concepts of 
the present day in some one field of 
practical medicine, with an inquiry as 
to whether or not the wide acceptance 
of these concepts is an aid or a handicap 


1 For a technical presentation of this topic 
see: Jour. Immunol., 12: 177, 1926. 
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to medical progress. I have selected 

this illustration the generally acce; 

assumptions at the present time as ¢ 
the nature of certain highly speciali: 
defensive chemical substances in b! 

serum. 









CIRCULATING CHEMICAL DEFENSES 





Our knowledge of the existence 
these highly specialized circulating 
chemical defenses dates from the closing 
decade of the nineteenth century. 
was found at this time that anin 
given repeated injections with minut 
almost non-toxic doses of certain ex. 
tremely poisonous chemical substances 
will in time develop a high tolerance 
for these poisons. In extreme cases su 
an artificially immunized animal may | 
injected with ten thousand times 
usual lethal dose of the poison, wit! 
showing appreciable toxic symptoms 
It was further found that a certai 
amount of this acquired immunity and 
at times a high degree of immunity, can 
be transferred from such an artificial 
immunized animal to a normal anima 
by aserum transfer. The new, increas 
or altered serum component or grou] 
components responsible for this transier 
was named antitoxin. 

The poisons stimulating the prod 
tion of circulating antitoxins are al! 
them complex poisons of biologi 
origin. Among them are snake venor 
extracts from poisonous mushrooms, and 
highly toxic products formed or lib 
ated by the growth or disintegration 
certain pathogenic microorganisms 
artificial culture media. It was found 
that serum antitoxins are specifically 
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adapted to the poison stimulating their 
production, a serum giving complete 
protection against a hundred lethal 


doses Of one poison, for example, 
usually giving no demonstable protec- 
tion against other poisons, even poisons 

f very similar biological origin. 

It was soon found that in addition to 
antitoxins numerous other equally im- 
portant specific substances can be in- 
duced or increased in blood serum by 
other methods of immunization. By 
the injection of foreign cells of animal, 
plant or microbie origin, for example, 
the injection of foreign leucocytes, for- 
eign spermatozoa, pollen, yeasts or bac- 
teria, there are induced in the serum 
new or heightened powers to agglutinate 
these foreign cells. In extreme cases 
the foreign cells are killed and com- 
pletely dissolved or digested by such 
sera. This gave rise to such terms as 
specific eytagglutinin, specific cytocide 
and specific cytolysin. By the injection 
of foreign proteins of animal, plant or 
microbie origin, such as egg white, 
gluten or bacterial extracts, there are 
induced in the serum new or heightened 
powers to cause precipitates when the 
serum is mixed with these proteins. 
This gave rise to the term specific pre- 
cipitin. There are also other new or 
increased specific serum components or 
properties that are demonstrable with 
more complex technical methods. All 
these new, increased or specifically 
altered serum components are usually 
classed under the generic title, specific 
antibodies. 

During the opening decade of the 
present century a second and equally 
important body adaptation was discov- 
ered, the power of the body, following 
certain special methods of inoculation or 
injection, to develop what is apparently 
the exact opposite of heightened resis- 
tance, to become specifically hypersen- 
sitive. In extreme cases such an artifi- 
cially sensitized animal can be killed in 
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from three to five minutes by an injec- 
tion of a hundredth part of the usual 
lethal dose of the sensitizing agent 
Egg white, for example, which is prac- 
tically non-toxic for normal animals, has 
the toxicity of prussic acid for an egg- 
white sensitized animal It was found 
that a certain amount of this acquired 
hypersensitiveness can be transferred 
from an artificially sensitized animal to 
a normal animal by a serum transfer. 
For lack of a better term, the new, in- 
altered serum 
component or group of components re- 
sponsible for this transfer is often re- 


creased or specifically 


ferred to as a specific sensitizing anti- 
body. 

The most important 
problem in immunology during the last 
three decades, therefore, has been the 
determination of the nature of these 
new, increased or specifically altered 
serum components, together with a de- 
termination of their method of for- 
mation and physiological role in the 


fundamental 


animal body, and their possible agricul 
tural, industrial and clinical applica- 
tions. It was soon found that but little 
could be accomplished by direct chemi- 
cal methods. Specific antibodies so far 
as studied are relatively non-dialysable. 
They are, therefore, presumably all of 
them colloids, or at least substances 
closely colloids. On 
fractionation of the serum colloids most 
of the specific antibodies are precipi- 
tated with the globulin fraction. But 
by no known chemical method can they 
be isolated from these globulins in a 
state of even approximate purity. 
From indirect experimental and clin- 
extremely 


associated with 


ical evidence, however, an 
ingenious theery was developed as to the 
origin and nature of these circulating 
chemical defenses. This theory was 
promptly endorsed by the medical pro- 
fession as a whole. For three decades 
it has been the sole basis for theoretical 
deduction and clinical interpretation by 
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the majority of practitioners and labo- 
ratory workers. ‘The essential features 
of this theory were developed by Paul 
Ebriich. 


THE ERLICH HYPOTHESES 

The Ehrlick theory as to the origin 
and nature of specific antibodies is 
based on a number of major and minor 
hypotheses, each hypothesis, of course, 
being supported by experimental and 
clinical evidence. The three major 
hypotheses are: 

(a) That the specifically altered pow- 
ers of blood serum resulting from natu- 
ral infections and from artificial im- 
munizations are due to an increase in 
the amount of certain normal highly 
specialized serum components, usually 
present in minute, unrecognizable traces. 

(b) That these highly specialized nor- 
mal serum components are internal 
secretions that are given off into the 
body fluids by the fixed tissues and 
wandering cells of the body. 

(c) That all phenomena of specific 
immunity and specific hypersusceptibil- 
ity and all related test-tube reactions 
are due to changes in the amount of 
these highly specialized normal internal 
secretions, or to changes in their topo- 
graphical distribution in different tis- 
sues and fluids of the body. 

In other words, Ehrlich assumed as 
his major premise that in specific im- 
munological adaptations we are dealing 
solely with quantitative changes in cer- 
tain hereditary, preformed, highly spe- 
cialized, defensive chemical substance, 
normally present in the body. 

Ehrlich’s minor hypotheses deal 
mainly with the method of formation 
and liberation of these highly special- 
ized defensive chemical substances by 
the fixed tissues and wandering cells of 
the body. These hypotheses are based 


on the specific receptor theory of cell 
nutrition, which was quite generally ac- 
cepted by physiologists during the mid- 
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dle decades of the nineteenth century 
The receptor theory of cell nutrition 
assumes that each cell of the body 
provided with numerous highly special. 
ized ‘‘food receptors,’’ each 
being a superficial atomic group or side. 
chain of the living cytoplasm, having 
highly specialized chemical affinity 

a certain food material. By means 
these highly specialized side-chains or 
receptors foods were believed to 
selected from the blood stream 
brought into close chemical union wit! 
the cytoplasm. Ehrlich assumes: 
that some of these highly specialized 
food receptors have accidental affinities 
for certain injurious agents; and (¢ 
that the toxic action of these agents is 
due solely to their chemical union with 
these accidental affinities. 

Ehrlich further assumes: (f) that 
side-chain or receptor having this 
cidental affinity is permanently injured 
or denaturized by its chemical union 
with the injurious agent; (g) that 
the resulting denaturized side-chain or 
receptor is eventually cast off by th 
living cell, and (h) that the cell now 
has the power to regenerate a new 
side-chain or receptors of identical 
chemical structure. 

In response to repeated injections 
with the same injurious agent or to a 7 
sufficiently large single dose of that | 


receptor 


agent, Ehrlich assumes: (i) that the 
resulting side-chain regeneration is over- 
stimulated, more than one receptor being : 
formed to replace the one denaturized 
and lost; (j) that the superfluous side- ; 
chains or cell receptors thus formed ar 
in time cast off by the living cell and 
set free in the body fluids, and (i ; 
that these cast-off superfluous sid , 
chains or receptors are the specific de- ‘ 
fensive internal secretions with whicl 
we deal. 

To account for their defensive action, ; 
Ehrlich assumes: (1) that these cast-off f 


receptors still retain their original acci- 
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dental affinities for the injurious agent, 
and (m) that their defensive action is 
due solely to their chemical union with 
the injurious agent in the body fluids, 
thus preventing its union with living 
cells. 

To explain certain minor immunologi- 
eal phenomena Ehrlich made a number 
of minor assumptions, such as: (n) that 
free or circulating receptors still retain 
their original affinities for their cells of 
origin, and have a tendency to reunite 
with these cells, and (0) that there are 
differences in the number, type, avidity 
and valence of the receptors normally 
present in different cells and in differ- 
ent animal species. 


THe EHRLICH THEORY AS AN EXPLANA- 
TION OF KNOWN IMMUNOLOGICAL 
Facts 

The theory thus formulated logically 
explained and coordinated all immuno- 
logical facts known to Ehrlich. With 
very slight variations in detail it is in 
accord with most of the immunological 
facts developed since his time. The 
susceptibility of certain animal species 
for certain injurious agents, for ex- 
ample, is logically explained by this 
theory on the assumption that certain 
vital tissues in these animal species con- 
tain an unusually large number of food 
receptors having accidental affinities for 
these injurious agents, or, by the as- 
sumption of vital tissue receptors of 
unusually great avidity for these agents. 
The insusceptibility of other animal spe- 
cies for the same agents is a logical re- 
sult of an assumed paucity or low 
avidity of the same receptors. Or it 
may be explained as a result of an 
assumed large number of highly avid 
receptors for this agent in physiologi- 
cally inert tissues, thus diverting the 
injurious agent from vital parts. 

Under the Ehrlich theory, the devel- 
opment of specific hypersusceptibility 
following certain methods of immuniza- 
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tion would be a logical result of a local 
multiplication of these accidental affini- 
ties in vital tissues, with little or no 
liberation of defensive receptors in the 
body fluids. A further multiplication 
of the same receptors with an adequate 
number set free in the body fluids wouid 
change the hypersusceptibility to an im- 
munity. The serum transfer of immu- 
nity from one animal to another would 
logically result from a sufficiently large 
number of these freed receptors in the 
circulating blood. The serum transfer 
of hypersusceptibility would logically 
follow a small number of freed receptors 
in the blood, all or most of the trans- 
ferred receptors becoming attached to 
the body cells of the recipient animal, 
thus increasing their affinity for the in- 
jurious agent and leaving few if any 
defensive receptors in the body fluids. 
All specific test-tube reactions would be 
logically explained as a result of chemi- 
eal union between the injurious agent 
and free receptors, the details being de- 
termined by the number, type, avidity 
and valence of these receptors. 

The Ehrlich theory, of course, was 
not without its critics. Criticism, how- 
ever, was usually directed against some 
minor, non-essential feature of the 
theory rather than against the theory 
as a whole. For example, there was at 
one time considerable discussion as to 
whether freed receptors and injurious 
agents unite to form dissociable or non- 
dissociable chemical compounds, a ques- 
tion of considerable clinical significance. 
There was difference of opinion as to 
the exact sequence of the reactions that 
take place when two serum components 
cooperate in their defensive action 
against the same injurious agent. Also 
different interpretations of certain ap- 
parent variations from the law of mul- 
tiple proportion in certain serum reac- 
tions. 

With such minor reservations as to 
detail, however, the Ehrlich theory was 
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promptly endorsed by the medical pro- 
fession as a whole. For three decades 
it has had a prominent place in elemen- 
tary text-books in bacteriology and clin- 
ical pathology, and has been the gen- 
erally accepted basis for immunological 
deduction and clinical interpretation. 
Yet, I believe there is hardly an element 
of truth in a single one of the dozen or 
more basic hypotheses incorporated in 
this theory. 


CRITIQUE OF THE EHRLICH THEORY 

My conviction that there is something 
radically wrong in our accepted basic 
concepts arose from a consideration of 
the almost universal failure of thera- 
peutic methods based on these concepts. 
According to the Ehrlich theory, for 
example, any specific chemical substance 
that can be caused to appear or to in- 
crease in blood serum as a result of 
natural infection or artificial immuniza- 
tion is necessarily a specific defensive 
substance. It is only necessary to ob- 
tain this substance in sufficiently large 
quantities to have a valuable therapeutic 
agent. Specific antibodies may be read- 
ily induced with any pathogenic micro- 
organism. Yet, in spite of millions of 
dollars spent in research and ten million 
in the commercial exploitation of anti- 
sera, they have been lamentably unsuc- 
cessful as therapeutic agents, except in 
a small group of relatively unimportant 
diseases. A percentage of success not 
much greater than the few hygienic suc- 
cesses developed as a result of logical 
deductions from the medieval miasmatic 
theory of disease production. 

This failure is usually explained as a 
result of the impossibility of preparing 
antisera of sufficiently high specific 
titre, or as due to an assumed antago- 
nism between the human body and for- 
eign antibodies. It is equally logical, 
however, to assume that the failure is a 
logical result of some fundamental error 
in our basic assumptions. 


During the last twelve years, 
fore, I have been engaged in a sey 
of immuno-physiological studies 
signed to test the truth or falsity of + 
fundamental Ehrlich assumptions. 
physiologic reaction used in most of t 
studies has been the precipitous 
pronounced fall in arterial blood 
sure during the specific hypersensit 
reaction in certain animal species 
gether with the accompanying tetar 
of certain smooth muscle structures 
This work has yielded a mass of exper 
mental evidence directly contrary t 
irreconcilable with the Ehrlich theory 
I will briefly outline four typical 
ings: 

(a) The Ehrlich theory assumes t 
specific immunity is due solely to cir 
lating defensive chemical substan 
Yet if the blood of a hypersensitive dog 
is removed and replaced with the b! 
of a dog immunized against the san 
injurious agent, the transferred immun 
blood on immediate physiological 
gives no protection whatsoever t 
specifically hypersensitive tissues. 

(b) Aceording to the Ehrlich theor 
the blood-free tissues of immune ani- 
mals are necessarily hypersensitive, 
least in the early stages of immuniz 
tion, due to an increased number 
specific receptors in these tissues. Y: 
the blood-free lungs of immune dogs 
show no suggestion whatsoever of 
specific hypersensitiveness on perfusion 
with Locke’s solution containing th 
specific injurious agent. 

(ec) According to the Ehrlich theory 
the blood-free tissues of hypersensitiv: 
animals have an increased affinity ‘for 
the specific sensitizing agent. Yet re 
peated perfusions of blood-free organs 
of hypersensitive animals with perfusio! 
fluids containing even minute traces 0 
this agent give no demonstrable reduc- 
tion in the concentration of the sensitiz- 
ing agent in the perfusates. 

(d) According to the Ehrlich theory 
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specific antibodies are necessarily quali- 
tatively identical in all methods and at 
all stages of sensitization and immuniza- 
tion with the same injurious agent. The 
only conceivable differences are changes 
in amount and in topographical distri- 
bution. Yet, the blood of a hypersensi- 
tive dog will render a transfused normal 

g specifically hypersensitive, while 
fractional transfusion from an immune 
dog will give no suggestion whatsoever 
of transferred hypersensitiveness. 

A dozen or more irreconcilable re- 
sults of this type have convinced me 
that the Ehrlich conceptions of the 
origin, nature and physiological réle of 
specific antibodies are erroneous. 


THe Proposep ENZYME HyYporuHesis 

Of course, one who expresses disbelief 
in the accepted tenets of a great science 
is at once challenged to suggest more 
plausible tenets. While not prepared 
to formulate a detailed theory, I believe 
I ean predict the two main facts that 
will be the basis for this theory. Cell 
nutrition is currently believed to be 
mediated largely through enzymes, en- 
zyme activators and enzyme inhibitors. 
The main enzymes concerned in cell 
nutrition are of two types; hydrolyz- 
ing enzymes and synthesizing enzymes. 
These enzymes with their activators and 
inhibitors are demonstrable in both cel- 
lular contents and body fluids. I be- 
lieve specific antibody formation will 
in time be shown to be one of the im- 
portant functions of these enzymes. 

The chemical substances stimulating 
specific antibody formation are mainly 
complex foreign proteins, or protein- 
lipoid or protein-carbohydrate com- 
pounds. According to the enzymes the- 
ory of antibody production, complex 
foreign proteins introduced into the ani- 
mal body are subjected to two main 
enzymie processes. First, to a series of 
hydrolytic cleavages, supplemented by 
colloidal dissociations, ionic dispersions 


and the like, by means of which the 
complex proteins are broken down into 
simpler components. The 
sequences in this proteolysis are pre- 
sumably similar to those in gastro-in- 
testinal digestion, the details, of course, 
varying with dosage, portal of entry 
and topographical distribution. Many 
of the earlier cleavage products would 
presumably have the same specificity as 
that of the original protein, since it is 
known that complex proteins subjected 
to artificial tryptic digestion remain 
specific till reduced to relatively simple 
digestive products. 

The second enzymic process would be 


stages and 


a series Of chemical syntheses, coagula- 
tions, conjugations, adsorptions and the 
like between the original foreign pro- 
tein or its cleavage products and normal 
humoral and cellular components. The 
details here also would vary with dosage, 
portal of entry and topographical dis- 
tribution. Many of the earlier conjuga- 
tion products would presumably retain 
their original specificity. Later prod- 
ucts might be less highly specific, or 
even non-specific. Certain conjugates 
might even acquire a new specificity, 
setting up a second series or second wave 
of specific immunological adaptations in 
the body. 

Some of the humoral or cellular prod- 
ucts resulting from this combined hy- 
drolysis and synthesis might conceivably 
have a specific protective action for the 
body as a whole. Others might conceiv- 
ably increase specific susceptibility. 
Still others might cause non-specific 
variations in bodily resistance. Many 
of the products, of course, might be 
physiologically inert. 


CONFIRMATORY EVIDENCE 


During the last two years we have 
obtained experimental evidence in har- 
mony with this conception of the domi- 
nant mechanism of antibody formation. 
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I will briefly outline four typical find- 
ings: 

(a) If a massive dose of a non-toxic 
foreign protein is injected intravenously 
into a normal dog, and if from one to 
six hours later a quantitative blood 
transfusion is made from this dog into 
a partially exsanguinated hypersensitive 
recipient, the transfused hypersensitive 
dog will be thrown into a typical hyper- 
sensitive reaction. The reaction in this 
dog, however, is in most cases twice as 
severe as the reaction produced by the 
eontrol injection of the calculated 
amount of specific foreign protein con- 
tained in the transferred blood sample 
into a second hypersensitive dog. Fur- 
thermore, this increased toxicity is spe- 
cific, since the transferred blood has no 
recognizable toxicity for normal dogs. 
The simplest explanation of this in- 
ereased specific toxicity is the assump- 
tion that the number of specific foreign 
protein molecules has been doubled in 
the transfused blood as a result of con- 
tact with normal cells and body fluids. 
Such a multiplication of specific protein 
molecules is in harmony with the pre- 
dicted hydrolytic cleavage of the en- 
zyme theory. 

(b) If, instead of making the trans- 
fusion at the end of one to six hours, 
the transfusion is delayed till the end 
of four days, the transfused blood is in- 
variably non-toxic for the hypersensitive 
recipient. Titration by means of rab- 
bit precipitin shows that, within the 
limits of the experimental error, there 
is but little decrease in the amount of 
specific foreign protein in the trans- 
fused blood at this time. This finding 
is in harmony with the predicted de- 
naturization of specific foreign protein 
as a result of contact with normal tis- 
sues and body fluids. 

(c) If the urinary bladder of a nor- 
mal dog is transplanted by blood-vessel 
anastomosis into a hypersensitive recip- 
ient, and if the resulting composite 
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animal is now thrown into the hyper. 
sensitive reaction, the transplanted nor 
mal urinary bladder is thrown int 
prolonged tetanus. Physiological analy. 
sis has shown that this tetanus is 

to histamine-like? substances explos 
formed or liberated by the hypersens 
tive liver. The bladder of an immy 
dog similarly transplanted is wholly 
susceptible to this histamine-like he 
product. Moreover, this acquired 
susceptibility is specific. This finding 
in harmony with the predicted pr 
tion of a secondary specificity in proteir 
denaturization products as a result 
contact with fixed and 
fluids, with the setting up of a secondan 
wave of specific immunological adapta. 
tions. 

(d) Prebably our most 
finding is the observation that this 
quired histamine-like insusceptibility 
can not be transferred from an immur 
dog to a normal dog by even massi\ 
immune blood transfusion. This finding 
is in harmony with the predicted speci 
intracellular antibodies chemically 
tinct from the circulating antibodies 
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THE SUN’S HEAT 


By F. E. FOWLE 
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The Astrophysical Observatory of the emanating from the sun its 
Smithsonian Institution maintains a amount. 


group of astronomers on. a mountain The knowledge of this variat 


peak (altitude 5,200 feet) in the desert heat sent us from the sun, toget! 
region surrounded by the Hottentots of our studies of the behavior of 
South Africa, a group on Mount Monte- allowing this heat to pass throug 
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the Rocky Mountains, near Death’s Val- into space. Since, from year to y« 
ley in California. average temperature of the 

In each of these stations we have ob- mains much the same, the e: 
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The readings from this instrument, 
which we call a silver-disk pyrheliometer 
and which is so placed as to look directly 
at the sun, show two results which to 


many would be surprising: 


(1) When the readings are corrected 
for the losses suffered by the heat on its 
way to us from the sun, in general they 
will be the greatest about January 3, 
when they will be nearly 7 per cent. 
higher than at their lowest, about July 3. 
This is because the sun is nearest us in 
the early part of January. 

2) On a high snow-capped mountain 
you might expect the instrument to read 
lower than on a hot desert at sea-level. 
But, no, it indicates more heat from the 
sun. This is beeause there is less air 
above the high mountain to hinder the 
heat in its passage from the sun to the 
instrument. Thus, despite the cold sur- 
roundings—the cause of which is quite 
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advertently through the foeus would 
immediately be turned into gas. We 
used to use this principle to kill Wasps 
about our telescopes, in self-defense, of 
course. We would set a mirror with its 
focus in the air right in front of the 
wasp's nest. A wasp coming out would 
pass through it, be vaporized, sparked 
and exploded and pass into eternity, its 
utter annihilation an unsolved mystery 
to the subsequent victims who followed 
in his path to find him! Many a man 
has lit his cigarette with his small pocket 
burning @lass. So avoid looking at the 
sun, even with the unaided eve, whieh is 
itself a lens. 
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e now occupies?’’ 

And this eminent London anthropolo- 
gist and anatomist declared that, in ren 
lering this verdict, he spoke not in the 
role of special pleader but as foreman of 

jury that has been impanelled from 
lifetime to 
weighing the evidence upon human evo- 
‘* All the evidence now at 
Keith ‘sup- 
ports the conclusion that man has arisen, 
is Lamarek and Darwin suspected, from 
m anthropoid ape not higher in the 
zoological scale than a chimpanzee, and 
that the date at 
thropoid lines of descent began to di- 
the the 
On our modest seale of 


men who have devoted a 


lution. our 


disposal,’’ Professor said, 


which human and an- 


verge lies near beginning of 
Miocene period. 
reckoning, that gives man the respectable 
antiquity of about one million years. ’’ 
Since Darwin made his revolutionary 
studies, Professor Keith explained, an 
enormous ot 
poured in. It is now possible to fill in 


many pages which Darwin had perforce 


new body evidence has 


to leave blank; it has been necessary to 
alter details of the narrative, but ‘‘the 
of 
Evolu- 


lamentals of Darwin's outline 


's history remain unshaken.”’ 
is infinitely more complex than was 


eeted in Darwin’s time. Professor 


Keith expressed tl s hy 
ravel man’s pedignr 
along 


the 


our way, not 


but through meshes of 


} ; 
1 complica 


network. ”’ 


anit 
} 4 


; 
ClTed 


As convineing proofs of man’s 


Professor Keit] 


poid origin, 
discove ry that the blood of man and 
it anthropoid apes give almost 


OTCi 


react 


eh mical 
that 
the human brain that 


same 


servation there is no 


was not 


present in that of the 


been 


anthropoid 


confirmed by thousands of ai 
mists. 
of the anthropoid brain gave man 
powers of feeling, understanding, acti 
speaking and learning Darwin's 
chological observations, which 
him that the 
mentality of man and ap 


and not of kind, hav 


COnVINGt 
differences bhetween tt! 


are ot des 


been verified 


extended by mode rn psychologists 


The expansion of various part 


pss 


( 


lon Huxley ’s ob 
structure in 
alre aay 


~ 


Despite the advances made in tracing 


man’s past, Professor Keith decla 


there is much that 
Why, he asked, did the 


make such great 


brain 
while that 
his cousin the gorilla has fallen 
behind? Why does inherited abil T\ 

to one family and not to another Int 


progress 


is St) 


matter of, brains, as on 


why h 


mankind fared so much better thar 


other? Such unexplained questions 


Professor Ke 17 


these will be answered, 


is not vet understood 


ot mat 


believes, when sueh sourees ol knowl dar 


as the new researe 


glands and upon hered utilized 


tv ar 
ONE hundred million light-years 
is the approximate maximum radius 
the 


universe as estimated by 


es upon t ‘ endoe! at 


Suc! 


» ; 
| roressol 
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THE PROGRESS OF SCIENCE 


T. Whittaker, of Edinburgh Univer- 
in his presidential address before 
Section on Mathematical and Physical 
ences. The lght that is used as a 
d-stick travels at the rate of 186.000 
les per second. Multiply the number 


seconds in a vear by this factor and 
hen by a hundred million and the 
roduct will be the mileage of the uni 


rse’s radius. 

Light appears to an ordinary mortal 

be traveling always in a straight line, 
but Einstein’s theory of relativity, upon 
which Professor Whittaker’s calculations 
are based, holds that the straightest light 
ray is curved in a third dimension du 

presence of matter. Most of the 

universe is a vast void of space even in a 
thickly populated region such as in our 
galaxy, so the curvature due to the total 
mass of matter is very slight and it takes 
a long time for light to make the circuit 
Physicists explain that the universe is 
finite but boundless, very much as the 
surface of the earth has no end, but does 
have definite size A ray of light start 
ing out from a star because of this curva 
ture of space is capable of traveling 
around the universe and reaching its 
point of origin from the opposite diree 
tion. By a strong magnetic field with 
laboratory apparatus it is possible to 
produce a curvature of space correspond 
ing to a radius of only one hundred light 
years, but this action is confined to a v ry 
limited area. 


“THE proper study of mankind is 
man,’ and this holds for his inner physi 
ology as well as for his mental and social 
activities. So claimed Dr. C. G. Douglas, 
of St. John’s College, Oxford, speaking 
fore the Section of Physiology. Ex- 
periments on animals are all very well 

r rough comparative results, Dr. Doug 

s said, but when we want to find out 

w the human machinery really works 

have to make our observations on a 
man, This does not involve punching 
les in him or sawing him up; it is the 


pry slology ot whole. 


man be ings we are 


In, and this can 


or Inconvenlence 


teer tor 


tine work 


been made in t 


ogy, especial \ l 


iormal, 


rally 


persons W 


(ood begin 


quirement and othe 


tion 


an equally promising field, 


Food and its 


umatl 


assimilation 


has hee li less ( xplored 


bilities may i 


Ti hb ood a 


=\ stem 


more 


Knglishmat 


igh-browed 


ical standpoint than 


reSSO! 


|: 


’ G. P 


isons 


London. To a 1 


} 


dential address bet 


ical Seetion 


Reporting upon 


eonstitution ¢ 


and his 


nounced: ** T] 


aneestt 


unmistakable 


7) 
; 
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S]1oT1S 


prop rtional he ght 


its proportional lengt 


ot proportional hye 


has been found in al 


which 


It theretore ©: 


+} 


ne mode rn Ene 


in not 


harking back to any 


must 


be 


pre COSS, 


] 
chang 
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rf 


In harmony 


conditions 
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Wit 


rete! 
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ist 1s. Prof S.O7 
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ditions yp rsist. 
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one ot 
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Wide World P) 
MR. THOMAS EDISON 
WITH THE FIRST COPY OF THE PHONOGRAPH ON THE OCCASION OF THI 
FIFTIETH ANNIVERSARY OF ITS INVENTION. GOVERNOR MOORE, OF NEW JER 


WITH Mr. EDISON, PRESENTED TO HIM A PORTFOLIO OF FELI 





THE 
4 


need discounting, thé 


ter than it was sixty years ago.’ 


for the settlement ot 
oreat Antaretie continent 
d out by Dr. R. N. Rudmose Brown 
iis presidential address before the 
‘*The Antarctic 
has no human problems comparable with 
those of the Arctic,’”’ 
whaling has recently 
Antaretie, with the vessels 
not to the 
aling in South Georgian and Falkland 
But this can be little 
Already 


r'TLE chance 


unknown 


Section of Geography. 


‘*Tt is true 


he said 
invaded the 


; ; 


} 


in the 


Ross 


Si mention sub-Antarctic 


more than 


passing phase. some species 


of whales show signs of depletion of 
numbers, and unless whaling is so rigor- 
ously shackled by regulations as to make 
it of little profit compared with risk it 
entails, the industry must kill itself in a 
For the rest 


nothing of value in commerce in the Ant- 


few years’ time. there is 
arctie: certainly nothing that it can pos- 
The 
future Antarctic coal mines ean be dis 
missed dream without any solid 
foundation. It is fortunate. And those 
of us who eare for the wild waste spaces 
of the world are glad to think of the Ant- 
arctic as free from invasion by our mod- 


sibly pay to exploit. stories ot 


as a 


PROGRESS OF 


* SCLENCE 
elvilization wi 
Wi 


place s Of 


ern 
hurry and noise, 
the lone ly 
atenless beauty , CO] 
ley will bring the 
tion they did to us in vears gone by 
With re gard to the 


sees the possibility Ot 


; 


7 
ti 


pastoral int 
and tlh 

urs 1n 
ment ot 
pressure OT populat 
sourees 


he 
out 


iseven greatel 


‘The re 


tundra 


sald. 
rieh 


and lands must 


only by roving 


explore rs In 


vlowing a \ 
Stetansson ¢an, 01 
To 


traction population 


casts, and I am skeptical ot 
Aret} 


ot t 


Cc lands as Statlo 
But 


ase. J 


1e future 
stated his ¢: 
have done somethi 

misconceptions and reduce 


polar wastes.”’ 


THE AGE OF CHEMISTRY 


PREVioUS stages of man’s history have 
been known as the Age of Stone, the Age 
of Bronze, the Age of 
The present is preeminently the Age of 
Chemistry. 


[ron and so on 


This was the thesis of the 
presidential address delivered before the 
American Chemical Society at its prin- 
cipal general session, by Dr. George D. 
Rosengarten, of Philadelphia, head of 
the society during the present year. 

Even in the past, chemistry played a 
leading part Dr. 
Rosengarten declared, though man has 


in man’s progress, 
always been conscious ot its im por- 
ce. The change the Age 
mze to the Age of Iron, 3,000 years 


from of 


ago, was largely a chemical chang 


The task of the present and the imme 
diate future, he told 


full mastering of the 


his hearers, 1s t 
basic principles 
chemieal science 
‘*An important problem and one rv 
quiring our immediate and undivided a 
is so-called 


tention 
should rather like 


‘pure chemistry 
to call it 
chemistry’ in contradistinction to 1 
practical application ol chemistry W 

he 


the ‘art of chemistry 


‘Pur 


would more eorre etly designated 


science is the protoplasm Ol 
It is the brick and mort 
} 


plied Sele nee, 


of our skyseraping buildings of 


. 


; 


“selence oOo} 


Industr 
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THE PHOTOELECTRIC CELL 
IN SERIES WITH AMMETER AND ELECTROLYTIC CELL FOR THE MEASUREMEN 
DEVELOPED BY Dr. Lewis R. KOLLER, IN THE RESEARCH LABORATORY 


ELeEcTRIC COMPANY. 





THE PROGRESS OF SC 


nmere ur elvilization ot while vea 
so proud, the comforts of life we Ni pursuit 

joving are wholly built on disco 

manating from the seareh for se 

truths, from the pursuit of sciene 

sake of the science itselt As See 
Hoover has very tersely put it: ‘It 

the soil of pure selence that are 

the origins of all of our moden 
tries and commerce 

fhe relationship between the sciene 
emistry and its varied and multi 
US applications Is quite apparent 
chemist, but for our lay guests let 


one or two ot the thous: nds ot making 


About one hundred = and thus stal 


THE PHOTOELECTRIC CELL AND ITS APPLICATION TO THE 
MEASUREMENT OF DAYLIGHT 


phenomena Ol] p) otor lectric \ el etrode 


been known to scientists for many 





rs. but it has been onlv comparatively 
. I e 


al 


ntly that they have been put to any 


etical use. 


hoc TO 
brief the phenomena are as t since these tw 
When lght falls upon a metal, the er, 


t 


no eurrent 
ght causes electrons (or negative part if it is kept in 1 


es of electricity) to be emitted from it is permitted 


surface of the metal If there is a ar openings 


sitively-charged object nearby, then given off by 


electrons will be attracted toward drawn over to 
4] 


their flow constituting an electrie thus produced | 
irrent. 


s 


rent. The particular us 


Metals differ greatly in this property, 


me emitting electrons mue more magnitud t] t 


it © is ¢urrel 


photoelectric ce | hes mn tiv 


ily than others under the influence portional to the int 
‘light. The alkali metals are particu- falling upon the wind 


rly photo-sensitive. The nature of the trie current can | a mea 


ght is also an important factor as photo- light intensity, anges 
sensitive materials are more sensitive to light inte nsity are mmstantaneousl\ 
lue than to red light. That is to say, lated into ¢! 


anges In current (" 


electrons are emitted for a given too small to be noticed by f 
tity of blue than of red light. ean be 


measured accurately by 
Th photoelectric cell which makes use the photo lectric cell 

ese phenomena is commonly in the One very interestin: 

of a glass bulb The inner wall of photoelectric ce] Ss 
ulb is coated with a thin layer of light, its intensity 
ght-sensitive material, a circular The eell used for 
ng being left for the light to pass sph rieal bulb. seven 

1. In the center of the bulb. and and silvered on the inside ay posited o1 
ted from the walls, is the positive the silver is 


es in diamete! 


‘ 


an extremely thin layer « 
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tive metal. This layer IS on a continuously moving strip 


> photor lectrically. The anode which gives a permanent record 


is connected as already deseribed to tl] davlight hours 


+} . " - «¢ ‘ ’ + . . " 
positive terminal of a battery, and Studies of davlight are of 
caothod th ec , "] he F 
CaALHOUCE TO i¢ lie gative. W he nh the connection with illuminatiotr - 
is exposed to daylight, a current flows. ; ; ; 
— i ings, stree and Slghn Uenting, gi 
through this cireuit and any changes in 5 
plants and many human acti 
the intensity of the davlight ar iit ; : 
“oy ; mm photoelectric cell also finds mai 
fully followed by the current. The ew : ak 
: cations In Industry in phenome! 
rent is made to operate a recording meter ° : 

ich r , Ing light 
which reeords the values of the curren 


“TELL IT IN TENNESSEE” 


Courtesy of the New } 





